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Axnidino and Guanidino Substituted inHibitors of Trypsin- 

Like Enzymes 

r^naa Reference to Re lated Applications 
This application is a continuation-in-part of 
Application serial Number 08/204,055, filed March 2, 
1994. which is a continuation-in-part of Application 
Serill Number 08/052,835, filed April 27, 1993. 
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Field of the Invention 
The present invention relates generally to O-amino 
acids and a-aminoboronic acids and corresponding peptide 
analogs in which the alpha substituted is substituted 
with an aromatic guanidino, amidino group, halogen, 
cyano group, aliphatic amidino, formamidino group, or 
other neutral group. 

Background of the Invention 
Simple boronic acids are inhibitors of serine 
proteases. For example, Koehler et al. Biochemistry 10: 
2477 (1971) reports that 2-phenylethane boronic acid 
inhibits chymotrypsln at miilimolar levels. The 
synthesis of boronic acid analogs of H-acyl-o-aalno 
25 acids has yielded more effective Inhibitors. Ac- 

boroPhe-OH, R.i-acetamldo-2-phenylethane boronic acid, 
inhibits chymotrypsln with a Ki of 4 |iM Matteson et al. 
J. m. Chem. Soc. 103: 5241 (1981). MOre recently. 
Shenvl, OS 4,537,773 (1985) disclosed that boronic acid 
analogs of a-amlno adds, containing a free amino group, 
were effective Inhibitors of aminopeptldases . Shenvl, 
TO 4 499,082 (1985) discloses that peptides containing 
an a-aminoboronlc acid with a neutral side chain were 
more effective Inhibitors of serine proteases exceeding 
Inhibitors disclosed earlier by as much as 3 orders of 
magnitude in potency. The chemistry of a-aminoboronic 



30 



35 



-I- 



wo 96/12499 



acids was further expanded to the synthesis of peptide 
analogs containing boronic acid with positive charged 
sidechains, boroLysine, boroArginine. boroOmithine. and 
isothiouronium analogs (EPA 0 293 881, 12/7/88). This 
5 series of compounds have provided highly effective 
inhibitors of thronibin and other trypsin-liice enzymes 
The boroArginine analogs specifically designed as 
thrombin inhibitors are highly effective in the 
inhibition of blood coagulation both in vitro and In 
10 vivo, in the present invention, this group of coH«K,unds 
is extended to aliphatic amidino and formamidino to 
aromatic amidino and guanidino, to cyano and halogen 
and to other neutral substituted aromatic boronic acid 
analogs. 

15 It Should be noted that additional boronic acids 

have been disclosed. Mettfemich (ep 047i6si) have 
described peptides containing boroArginine and 
boroLysine which contain at least one unnatural amino 
acid residue. Elgendy et al. Tetrahedron Lett 33 
20 4209-4212 (1992, have described peptides conta^^ing 
aminoboronic acids with aliphatic neutral sidechains 
Which are thrombin Inhibitors, icakkar in (wo 92/07869) 
has Claimed peptide thrombin inhibitors of the general 
structure. X-Aai-Aa2-NH.CH(y) -z where Aa^ and Aa^ are 
25 unnatural amino acid residues. Z is -CN -cOR 

-B(R2,(r3,, .p.oXRXR), ^^,3 -ICH2];-Qor'-CH2-Ar-Q 
Where Q = h amino, amidino, imidazole, guanidino or 
xsothxoure.do and n-i-s and where and R3 are the same 
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oT "l'"*^ tl» 9«up consisting 

Of OH, 01.6. ^ „ ^3 ^ ^3 ^ ^^^^^ 9 

represent the residue of a atol. This specillzed group 
Of co,,««unas Where z is -b(r2, (r3, £,u ^i^htn the scope 
of our present application, it should be noted that 
this is a narrow subset of KaWcar et al. However 
rather specialized che-ical transforations are r^ed 
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to prepare these con5)ounds and KaWcar et al. does not 
make an enabling disclosure. 

'ctimmaT- Y of the In vention 
5 A compound of formula (I) 

I 



wherein 
10 E is 

a) -BY^Y^, 

b) -C(=0)r1*; 
C) -C(=0)OR*, 

d) -C(=0)NR«R"r 

15 e) -C(«o)R*» OX 

f> -c(=o)cooR*; 

yl and Y^ are 
a) -OH, 
20 b) -F, 

c) -nr^rS, 

d) Ci-Cs alkoxy, or 

when taken together Y^ and y2 form: 

e) a cyclic boron ester where said chain or ring 
contains from 2 to 20 carbon atoms and, 
optionally, i-3 heteroatoms which can be H. S 
or O, 

f ) a cyclic boron amide where said chain or ring 
contains from 2 to 20 carbon atoms and, 
optionally, 1-3 heteroatoms which can be N, S 
or 0, 
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g) a cyclic boron amide-ester where said chain or 
ring contains from 2 to 20 carbon atoms and 
optionally, 1-3 heteroatoms which can be N 's 
or O; ' ' 

5 

y3 and Y* are 

a) -OH, 

b) -H, or 

C) -F; 
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is 



-CN, 



a) Cl-ci2-alkyl is optionally substituted with 
-OR2, -C(NH)NHR6, -NHC(NH)NHR6; -SC(NH)NHR6 
-NHC(NH)NHOH, -NHC(NH)NHC{0)r6, -NHS(0)rR* ' 
15 -MHC(0)NHr4, -NHC(0)r4, -NHC{0) CH(0H)r4, .NHC(-NCN) - 

SR6, -1IHC(=NCN)NHR6, -0NHR6, -NHC(=Nr6)H 
-0MHC(=NCN)NHR6, -ONHC(=NH)NHr6, -ONHC(«^6)h 
-01iHC(=MH)NH0H, .C(NH)NHC(0)r6, -SC(NH)NHC(0)r6 
-«HC(-NCI«MHC(0)r6, -OinfC(0)R6, -NHC(=NC(0)r6)h' 
-ONHC(-NCM)NHC(0)r6, -0NHC(=NH)NHC(0)r6, 
-0NHC(=NC{0)r6)II, -C(NH)NHC(0)0r6, 
-NHC(NH)NHC(0)0r6, -SC{NH)NHC(0)0r6 

-NHC(-NCN)NHC(0)0r6, -0»HC(0)0R6, 4c(=NC(0)0r6,h 
-0NHC(=Naf)NHC(0)0R6, -0NHC(=NH)nhC(0)0r6 
25 -NHC(0)0R4, -MHC(NH)NHC(O)0r6, or -0NHC(«NC(0)0r6)H. 




c) 
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-V 



.(CH2), 




d) 



; or 



(CHjj), 




X is 

5 a) halogen (F, Cl, Br, I) 

b) -CN, 

c) -NO2, 

d) -CF3, 

e) -NH2 

10 f) -NHC(NH)H, 

g) -HHC(NH)NHaH, 

h) -NHC (MH) NHCN, 

i) -MHC(NH)HHR6, 
j) -NHC{NH)NHCpR6, 

15 k> -C(NH)NHr6' 

1) -C(NH)NHC0R6' 

m) -C(0)nhr2, 

n) -C02R2. 

o) -0R2, 

20 P) -OCF3, 

q) -SC(NH)NHR^, 

r) -NHS(0)rR*» 

s) -NHC(0)NHR*, 

t) -NHC(0)R*, . 

25 u) -HHC(0)CH(OH)R*, 
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v) -NHC(-NCai) -Sr6, 

w) •»HC(=NCN)HHR6, 

X) -NHC(bMr6)H, 

y) -0NHR6, 

5 z) -0MHC{=NCN)HHR6, 

aa) -oiihc(«=ijh)hhr6, 

ab) -01IHC(«NH}H, 

ac) -0NHC(=1Jr6)h, or 

ad) -ONHC(»MH)NHOH; 

10 y is =0, <=NOH, or •=»N-NHC(«0)H; 
r2 is 

a) H, 

b) optionally sxibstituted Cl-C12-alkyl, 

c) optionally substituted cycloalkyl, 

d) optionally substituted aryl, where aryl is phenyl 
or napthyl, or 

e) optionally substituted -Cl-C4-alkylaryl, where 
aryl is defined above; 
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where the groups Cl - C12 - alkyl , cycloalkyl, and -CI - 
C4-alkylaryl optionally contain in-chain heteroatoms ' 
(O, N, S) and the groups C1-C12- alkyl, cycloalkyl, 
aryl, and -Cl-C4-alkylaryl are optionally 
substituted with one or two substituents selected 
25 frcan the group consisting of : 

halo (P, Cl, Br, I), Cl-C4-alkyl, Cl-C4-alkoxy, 
-N02. -CF3, -S{0)r-Cl-C4-alkyl, -OH, -MH2, 
-NH(Cl.C4-alkyl), -N(Cl-C4-alkyl)2, or -C02R4; 
r3 is H, alkyl, aryl, alkylaryl, -S{0)r-R'', -C(=0)r7, 
30 -C(-0)OR', -P(o)20r7 any other MHa blocking group 

comprised of 1-20 carbon atoms; 
R* and r5 are independently: 

a) hydrogen, 

b) C1-C4 alkyl, 

35 c) - (Ci-C4 alkyl) -aryl, or 
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d) C5-C7 cycloalkyl; 

r6 is 

a) H, 

b) Cl-C4-allcyl, 

c) aryl, wherein aryl is phenyl or napthyl 
optionally substituted with one or two substituents 
selected from the group consisting of: 

halo (F, CI, Br, I), Cl-C4-alkyl, C1-C7 -alkoxy, 
-NO2, -CF3, -S(0)r-Cl-C4-alkyl, -OH, -NH2. 
-NH{Cl-C4-allcyl) . -N(Cl-C4-alkyl)2. and -CO2R*! 



or 

d) -Cl-C4-alkylaryl, where aryl is as defined above; 

r"' is 

a) H, 

15 b) Cl-C4-al)cyl, 

c) aryl, wherein aryl is phenyl or napthyl 
optionally substituted with one or two substituents 
selected from the group consisting of: 

halo, Cl-C4-alkyl, C1-C7 -aUcoxy, -NO2, -CF3, 
20 -s(0)r-Cl-C4-alkyl, -OH. -MH2. -NH{Cl-C4- 

alkyl), -N(Cl-C4-alkyl)2. -CO2R*: or 

d) -Cl-C4-alkylaryl, where aryl is as defined above; 

R^^3 is : 

a) hydrogen 
25 b) balog^, 

c) Ci-C« alkyl, 
d> Ci-C4 alkoxy, 

e) methylenedioxy, 

f) -N02# 
30 g) -CP3» 

h) -SH, 

i) -S(0)rMCi-C4 alkyl), 
j) 'CS, 

k) -OH, 

35 1) -NH2. 

m) -NH(Ci-C4 alkyl). 
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n) -N(Ci-C4 alkyl)2, 
O) -NHC(«»0)r4, or 
P) - (CH2)p-C02R*; 

5 Ri* is: 

a) -CF3, 

b) -C3IP2# 

c) -CH2P, 

d) -CH2CI, 

10 e) -C(=0)OR«, 

f> -C(=0)NR"Ri6, 

g) -C(=0)R*, 

h) -C(=0)COOR*, 

i) -C(=0)C(=O)NR15r16^ 
15 j) -C(=0)C{=0)R« , 

k) -CY3y4cooR«, 

1) -CY3y4c(=0)NRi5Rl6^ 

m) -cy3y4c(=o)r4^ 

n) -CH2Br, 

20 o) 



25 



P) 

or 

Q) heterocycle; 



R-^5 and r16 are independently: 

a) l^ydrogen, 

b) C1-C4 alkyl, 

c) -(C1-C4 alkyl)-aryl, 
30 d) C5-C7 cycloalkyl, or 

e) phenyl, optionally substituted by r13. 
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r15 and can be taken together to form a ring: 
a) 

4 w 



W is 
5 a) -0-, 

b) -S(0)r-. . 

c) -(CH2)n-. 

d) -NR*-, 

e) a bond, or 
iO £) -NC(=0)R*-; 

A is an amino acid residue or a peptide comprised of 2- 

20 amino acid residues; 
n is 0 or l; 
p is 0 to 3 ; 
15 g is 0 to 4; 

Ld^L^ceutically acceptable salts thereof, with the 
proviso that when is aliphatic, the r6 substituent on 
-NHC(NH)NHR^ caiUlOt be H. - 

preferred are those compounds of the formula (I) 
where: 

^ ^a) Cl-ci2-allcyl is optionally, substituted with -0r2. 
-c(hh)nhr6, .nhc(nh)h, -nhc(nh>nhr6, -nhc(nh)nhoh 

-NHS(0)rR^ -HHC(0)MHR*. -MHC(0)R*, -NHC (O) CH(OH) R*, 
-NHC(=NCN)-Sr6. -nHC(-NCN)NHr6, -oNHRS. -NHC(=Nr6)H, 

-ohhc(=ncn)hhr6. .ohhc(=nh)mhr6, -onhc(=nh)h. 

-0HHC(=Nr6)H, or -ONHC(=NH)NHOH; 
30 b) 
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X is 

a) halogen (p, ci, Br, i) 

b) -CM, 

c) -NO2, 
10 d) -CP3, 

e) -11H2 

f) -MHC{NH)H, 

g) -NHC{1IH)NH0H, 
W -MHC(KH)MHai, 

15 i) -MHC(MH)1JHr6, 

j) -C(1JH)MHr6, 

W -c(6)nhr2, 

1) -C02R2, 
m) -0R2, 
0 n) -OCP3, 

O) -SC(1JH)IJHr6, 
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p) -ilHS(0)rR*» 

q) -!JHC(0)»HR*, 

r) -HHC(0)R*. 

S) -MHC(0)CH(OH)R^, 

5 t) -KHC(=NCN)NHR6, 

U) -NHC{=NRS)H, 

v) -ONHR6, 

w) -0NHC{=NCN)NHR6, 

X) -onhc(=nh)nhr6, 

10 y) -ONHC(=NH)H, 

z) -0NHC(=im6)H, or 
aa) -ONHC{=NH)NHOH; 

Rl-* is: 

a) -CF3, 
15 b) -CHF2, 



and all other substituents are as defined above. 

More preferred are those compounds of the formula 

(I) where: 
30 y3 and Y* are -OH; 
r1 is 



20 



C) -CH2F, 

d) -C{=0)OR*, 

e) -C(=0)HR"R"# 

f) -C(»0)R*, 

g) 





or 



i) heterocycle; 
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a) Cl-C12-alkyl is optionally substituted with -or2 
-C(NH)NHr6. .NHC(NH)H. -NHC(MH)ijhr6, -imS(0)rR^ 
-NHC(0)NHR4, .NHC{0)r4. -NHC{0) CH{0H) -MHC(»NCN)- 
Sr6, -NHC(=NCa^)HHR6. -0NHR6, or -OMHC (=NH) NHr6 . 



b) 



15 



20 



]f^(CH2ipX; 



c) 



-V 



(CHa), 




; or 



d) 



(CHa), 




X is 

a) halogen (Br) 

b) -CN, 

c) -HH2 

d> -NHC(NH)H, 

e) -nhc(nh)nhr6, 

f) -C(NH)NHR6, 

g) -C(0)NHR2, 
b) -C02R2, 

i) -Or2, or 
j) -MHC(-NR6)H; 
R^* is: 
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a) -CF3, 

b) -CHF2, 

c) -cai2F, 

d) -CieOOR*, 

5 e) -C(=0)NR^5r16^ 




ouid all other substituents are as defined above. 

Most preferred are those coinpoiinds of the formula 

15 (I) where: 

E is -by^y2; 
• and y2 are 
a) -OH, 

when taken together Y^ and Y^ form: 
20 b) a cyclic boron ester where said chain or rinjr 

contains from 2 to 20 carbon atoms and, 
optionally, 1-3 heteroatoms which can be N, S, 
or 0; 
y3 and Y-* are -OH; 
25 is 

a) Cl-C12-alJcyl is optionally substituted with 
-C(NH)NHRfi, -NHC(NH)H. -NHC (MH) HHR^ , -0HHR6, or 
-01IHC(=liH)NHRfi; 
b) 
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d) 




X is 

_ a) -CM, 

c) -NH2 

d) -NRC(NH}H, 

10 e) -»HC(NH)NHr6, 

f) -C(NH)NHR6/ 

g) -c(o)nhr2, 

h) -CX)2R2, 

i) -Or2, or 

15 j) -HHC(=MR6)H; 

y is «0; 

and all other substituents are as defined above. 

Specifically preferred con^wunds of this invention 
20 eure the following: 
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20 



25 
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AC- (D) Phe-PrO.-NH-CH I <CH2) 4CNI B02-CioHx6 

AC- (D) Phe-PrO-NHCa I (CHa) 4C(MH) NH2I B02-CioHi6 

AC- <D) Phe-Pro-MHCBt (CH2> S'NHC (NH) Hi B(OH) 2 

BOC- (D) Phe-PrO-HHC3! t (CH2) 3 'NHC (NH) H] B (OH) 2 • 

AC - (D) Phe-Pro-boroPhe tin-C (NH) NH2I -C10H16 

AC - (D) Phe - Pro-boroPhe (« -CH2NH2 ) - CxoHxe 

AC- (D)Phe-Pro-boroPhe(jn-Br) -C10H16 

AC- (D) Phe-Pro-boroPbe (p-CN) -C10H16 

BOC- (D)Phe-Pro-boroPhe(ni-CN) -C10H16 

AC- (D)Pbe-Pro-boroArg(CN) -C10H16 

N,N- (CH3)2- (D)Phe-Pro-boroPhe(m-CN) -OH-HCl 

AC- (D) phe-Pro-boroPhe (m-CN) -0H»HC1 

MS- (D)Pbe-ProrboroPhe(m-CN) -OH.HCl 

BOC - (D) Thiazolylalanine - Pro -boroPhe (m-CN) -C10H16 

BOC - (D) 3 - pyridylalanine - Pro-boroPhe (m-cai) - CioHie 

MS- (D) 3- pyridylalanine- Pro-boroPhe (m-CN) -C10H16 

BOC- (D) 2-Pyridylalanine-Pro-boroPbe(m-CN) -C10H16 

BOC- (D) 2 -Thienylalanine- Pro-boroPhe (m-CN) -C10H16 

MS- (D) 2 -Thienylalanine- Pro-boroPhe (m-CN) -C10H16 

BOC- (D)Phe-Aze-boroPhe(m-CN)CioHi6 

Hydrocinnamoyl-Pro-borolrg(CH3) -OH-HBr 

AC- (D) Phe-Pro-boroArg(CH3) -OH»hci 

PhCH2S02- (D) Phe-Pro-boroOm{CH=NH) -OH-HCl 

CH3CH2CH2SO2- (D)Phe-Pro-boroOm(CH=NH) -OH-HCl 

CH3CH2CH2SO2- (D)Phe-Pro-boroArg(CH3) -OH-HCl 

AC- (D)Phe-Sar-boroOm(CH=NH) -OH-HCl 

BOC- (D) Phe-Sar-boroPhe (mCN) -C10H16 

BOC- (D)Phe-Aze-boroOm(CH=NH) -OH-HCl 

4- (Phenyl)benzoyl-boroOm(CH=NH) -CioHi6«HCl 

AC- (D) Phe-Prp-boroOm(CH=jiH) 1 -CioHic'HCl 
Boc-Pro-boroOm(CH»NH) -CioHis'HCl 
Boc-<D)Phe-Pro-boroOm(CH=NH)l-CioHi6-0.5 HCl-0.5 

BSA 

H-(D)Phe-PrO-boroOm(CH=NH)l-Cl0Hl6«0.5 HCl.0.5 BSA 
H-(D)Phe-Pro-boroOm(CH=NH))-OH-0.65 HCl-0.35 BSA 
H-boroPhe (mCN) -C10H16 'HCl 
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• ^<^-<WPhe-Pro-boroPhe-(m-CN)-CioHi6 

H- (D) Phe-Pro-boroPhe- (m-a») -CioHig-HCl 
H- (D) Phe-Pro-boroPhe- (m-CN) -OH.HCl 

• *=-«')"»-«*0-boroPhe-(p-CH2ira2).Cic,H«. BSA 

H Pro-boroPhe- {m-CW -CjoBie.Ba 
-<o,3.Pv....XaX.„^..^.^„^.,„.^, ^;o«« - 

-BOC.B.CB3- ,»,P.e-P„-bcroP^. ,..c„, -c, h,, 
*c-Pro-boroPhe-(m-CH)-CioHi« 

B^m...p„i<,,Xalani„e.Pro-^roPhe. ,».a„ .c,oH« 

B-(D)2-Thieiiylalanine-Pro-boroPhe-(» 

M3-(0,.-P^..,.^3n.ne-P.o-.o.:"et^" 
(2-Pyrl^.,Xthio,acetyl-P.o-boroPhe-<„-c^,!j,°^^^^^ 

U-^i.,.tMo,acetyX.p.o-boroPbe- (^-c., c JT 
Succinyl- (D)Phe.Pro.boroPhe- (m-CN) -oh 
3-Pyriayipropioayl.pro.boroPhe- («-cn) -CinHi^ 
Boc (D)Phe.Aze.boroPhe: (m-ow -c.oH.; ' 
H- (D) Phe-Aze-boroPhe-- ta-Qi) -CioHie-HCl 
Hy^ocinna»oyl-Pro.boroOrn(a,.KH,,OH.^ 
Hyarociananoyl.p^o-borolrg(CH2CH=CH2)-OH. HBr 
Hydrocinnamoyl.proboro61y£(CH2)4-NH-Acetvllc, » 
^z- (.rP.e-P.o-borox.,CCH3, -c.oH.e . t^^^-^" 
Ac-(D)Phe-Pro-borolrg(CM3)-OH . HBr 

AC- (D) Phe-Pro-boroArg (CH3) -OH HCl 

Hydrocinnamoyl.pro-boroArg(CH3)-QH . HCl 
Ms-(D)Phe-Pro-boroArg(CH3).0H. HCl 

Ms-(D)Phe-Pro-boroOm(CH=NH).OH .HCl 
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phS02-(D)Phe-Pro-boroArg(CH3) -OH • HCl 
PhS02-(D)Phe-Pro-boroOrn(CH-llH)-OH • HCl 
MB-(D)Phe(4-fluoro)-Pro-boroOm(CH-NH)-OH • HCl 
PhCH2S02-(D)Ph?-Pro-boroArg(CH3)-OH • HCl 
PhCH2S02-(D)Phe-PrO-boroOni(CH-NH)-OH . HCl 
CH3CH2CH2S02-(D)Phe-Pro-boroOm(CH=NH)-OH • HCl 
CH3CH2CH2S02-(D)Phe-Pro-boroArg(CH3>-OH . HCl 
CH3(CH2)3S02MD)Phe-Pro-boroArg(CH3)-OH • HCl 
GH3(CH2)3S02-(D)Phe.Pro-boroOm(CH=NH)-OH • HCl 

Z- (D) Phe-Pro-boroOm(CH=NH) -OH-HCl 
BOC- (D)Phe-Pro-boroGly[(CH2)3-ONH2l -OH-HCl 
PhCH2S02- (D) Phe-Pro-boroGly [ (CH2) 3-ONH2] -CioHie'HCl 
BOC- (D)Phe-Pro-boroGlyl(CH2)3-ONHC(=NH)NH2l - 

CloHie-HCl 

BOC- (D)Phe-Pro-boroOm- IC(NCN)NHCH3] -C10H16 
H00CCH2- (D)Phe-Pro-boroOm[C(NCN)NHCH3l -CloHlS'HCl 
BOC - (D) Phe-Pro-boroOm [C(HCN) SCH3I -C10H16 
BOC- (D)Plie-Pro-boroOm(CONH2) -C10H16 
H- (D) Phe- Pro-boroorn (CONH2 ) -C10H16 • HCl 
PhCH2S02- (D) Phe-Pro-boroOrn(CONH2) -C10H16 
H00CCH2- (D)Pbe-Pro-boroOm{CONH2) -CioHis'HCl 
BOC- (D) Phe-Pro-boroOni(COCH20H) -C10H16 
BOC - (D) Phe- Pro-boroom {N-Methanesulf onyl) - C10H16 
H- (D) Phe- Pro-boroOrn(N-Methahesulf onyl) -CioHie-HCl 
4- (H- Acetyl) Jtoilinesulf onyl- (D)Phe-Pro-bor60m(N- 
Methanes\al£pnyl) -CioHis 
Methanesulfonyl- (b) Phe-Pro-boroOm (N- 
Methanesulfioayl) -C10H16 
N,H-dimethyl- (D) Phe-Pro-boroOm- (N- 
Methanesulf onyl) - C10H16 ' ^Cl 

Ac-Gly- {D)Phe-Pro-boroOm(N-Methanesulfonyl) -C10H16 
HOOCCH2- (D)Phe-Pro-boroOm{H.Methanesulfonyl) - 
CioHie-HCl 

PhCH2S02- (D)Phe-Pro-boroOm(N-Methanesulfonyl) - 

cioHie 

BOC- (D) Phe-Pro-boroGly [ (CH2) 3-OCH2CH3I -CioHie 
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Ac-(D)Phe-Pro-NH-CHrm-./^ 

CioHis '''^°'^^2U-anuno-cyclohexyl),B02- 

^0 • «--(°)I'he-I>ro-NH-caCCH2(4-guanldlno- 
cyclohexyl)]B02-CioHi6 

Boc- {D)Phe.pro. (J?)Phe(inCM) -QMe 

• B°c-(D)Phe-Pro-(5JPhe(inCN)-QMe 
Boc-Pro- (5) Phe (inCN) -QMe 

is . Boc-Pro-Phe(incaj)-OH 

Boc-Pro-Phe(xDCN) .N(Me) -one 
■ Boc-Pro - Phe (jnCN) - c (OBt ) =CH2 

H- (D) Phe-Pro-boroPhe («:oOMe) -CioHas-HCl 

*0 Further illustrative of tho 

invention are; coi,5x>unds of this 

H- (D) Phe-Pro-Phe (aCN) - C (O) H 
H- (D) Phe-Pro-Phe (fflCN) -c (0) OEt 

H-(D)PherPro-Phe(ra)-c(o)OH ^ 
H- (D) Phe-Pro-Phe (jDOf) -C(0)mh2 ^ 
H- (D) Phe-Pro-Phe (jnoo -C(0)MHC3i3 
H- (D) Phe-Pro-Phe (i»CN) -C(0)c(0)OEt 
h" "^^-^^-^^^^-^^ -C(0) - (oxazolin-2-yl, 

H (D)Phe-Pro-Phe(XBC»)-c(o)CH2P 
H- CD)Phe-Pro-Phe{inCN} .c(0)CHaBr 

H- (D)Phe-Pro-Phe{iiajJ -C(0)CH2C1 
H- (D) Phe-Pro-Phe (inCN) -c (o) CP3 
H- (D) Phe-Pro-Phe (ra) -c (o) CHPj 
AC- (D)Phe-Pro-Phe(inCN) -C(0)H 
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AC- (D)Phe-Pro-.Phe(jaCN) -C(0)OEt 

AC- (D) Phe-Pro-PheCfliCN) -C(0)OH 

AC- (D) Phe- Pro- Phe (jnCN) - C (O) NHa 

AC- (D) Phe- Pro- Phe (inCN) - C (O) NHCHa 

AC- (D)Phe-Pro-Phe(inCN) -C(0)C(0)bEt 

AC- (D)Phe-Pro-Phe(jnCN) -C(0) - (oxazolin-2-yl) 

AC- (D)Phe-Pro-Phe{jnCN) -C(0) - (benzoxazolin-2-yl) 

AC- (D) Phe- Pro- Phe (joCN) - C (O) CHaF 

Ac- (D)Phe-Pro-Phe(jnCN) -CCOCHaBr 

AC- (D)Phe-Pro-Phe(aiCN) -C(0)CH2C1 

Ac- (D) Phe- Pro- Phe (mCN) - C (O) CF3 

AC - (D) Phe- Pro- Phe (jnCN) - C (O) CHF2 

AC- (D)Phe-Pro-NH-CHtCH2(4-aaiino-cyclohexyl))-C(0)H 
AC- (D)Phe-Pro-NH-CHlCH2 (4-aniino-cyclohexyl)] - 
C(0)OEt 

AC- (D) Phe-PrprllH-ai[CH2 (4-amino-cyclohexyl) ] -C(0) OH 
AC- (D) Phe-Pro-NH-CHtCH2 (4-amino-cyclohe3Qrl) 1 - 
C(0)NH2 

AC- (D) Phe-Pro-NH-C2IlC3l2 (4-axnino-cyclohexyl) 1 " 
C(0)1IHCH3 

Ac- (D)Phe-Pro-NH-CHlC3H2 (4-aiaino-cyclohexyl) 1 - 
C(0)C(0)OEt 

AC- (D)Phe-Pro-IJH-CHlCH2 (4-amino-cyclohexyl) ] -C(0) - 
<oxazolija-2-yl) 

AC- (D)Phe-Pro-NH-CHtCH2<**an'i»0"Cyclohexyl)] -C(0) - 
(benzoxazolin- 2 -yl) 

AC- (D)Phe-Pro-NH-CHlCH2 (4-amino-cyclohexyi)l - 
C(0)cai2F 

AC- (D) Phe-Pro-NH-CH[CH2 (4-ainino-cyclohexyl) 1 - 
C(0)CH2Br 

AC- (D) Phe-Pro'HH-CHlCH2 (4-aiiiino-cyclohexyl) 1 - 
C(0)CH2C1 

Ac- (D) Pbe-Pro-HH-CH [C2l2 (4-ainino-cyclohexyl) ] - 
C(0)CF3 

Ac- (D)Phe-Pro-NH-CH[CH2 (4-ainino-cyclohexyl) ] - 

C(0)CHF2 
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• Boc-(D)Phe-Pro-NH-CH[(CH2)3-01JH2]-C(0)H 
BOC- (D) Phe- Pro-MH-CH ( (CH2) 3 -01IH2 J • C (0) OEt 
BOC- (D)Phe-Pro-NH-CH[(CH2)3-ONH2l -C(0)OH 
Boc- (D) Phe-Pro-NH.CHl(CT2}3-01IH2] -C(0)NH2 
BOC- (D)Phe-Pro-IIH-(3iI{CH2)3-ONH2l -CCONHajj 
BOC- (D)Phe.Pro-llH-cil(CH2)3-OMH2l -C(0)C(0)OEt 

• Boc- (D)Phe-Pro-NH-CHl(CH2)3-ONH2] -C(0) - (oxazolin-2- 

BOC- (D)Plie-Pro-NH-CHt(CH2)3-ONH2] -C(0)- 
^0 (benzoxa201in-2-yl) 

Boc- (D) Phe-Pro-NH-ai[ (CH2) 3-ONH2I -C(0)CH2F 
Boc- (D) Phe-Pro-NH-CH[ (CH2) 3-ONH2] -C(0) CHaBr 
BOC-(D)Phe-Pro-NH-CH[(CH2)3-ONH2]-C(0)CH2Cl | 
BOC - (D) Phe - Pro - NH- CH ( (CH2 ) 3 -ONH2 1 - C (O) CF3 

BOC- (D) Phe- Pro-NH-CH [ {CH2) 3-ONH2] -C (O) CHF2 
HOC- (D) Phe- Pro-NH-CH [ (C3I2 ) 3 "ONHC (=NH) NH2] - C (O) H 
BOC- (D) Phe- Pro-NH-CH [ (CH2 ) 3 -ONHC («NH) NH2] - C (O) OEt 

BOC - (D) Phe- Pro-NH-CH [ (CH2 ) 3 - ONHC («NH) NH2] - C (O) OH 
BOC- (D) Phe-Pro-MH-CH t {CH2 ) 3 - ONHC (=NH) NH2] - C (0) NH2 
BOC- (D)Phe-Pro-NH-CH[(CH2)3-ONHC(=NH)NH2j -C(0)NHCH3 
Boc- (D)Phe-Pro-NH-CHt(CH2)3-ONHC(=NH)NH2J - 
C(0)C(0)OEt 

BOC- (D)Phe-Pro.NH.CHt(CH2)3-0NHC(-NH)NH2] -C(0) - 
(oxazolin-2-yl) 

Boc-(D)Phe-Pro-HH.CHI(CH2)3-0NHC(=llH)NH2]-C(O)- i 
(benzoxazolln-2-yl) * 

BOC- (D)Phe-Pro-NH-CH[{CH2)3-ONHC(=NH)NH2] -C(0)CH2P 
Boc- (D> Phe- Pro-NH-CH [ (CH2) 3-ONHC(-MH)MH2] -C (O) CHjEr 

BOC- (D)Phe-Pro-NH-CH[(CH2)3-ONHC{-MH)MH2] -C(0)CH2C1 
BOC- (D)Phe-Pro-NH-CH[{CH2)3-0NHC(-NH)SH2] -C(0)CF3 
• BOC- (D)Phe-Pro-NH-CH[(CH2)3-0NHC(=HH)NH2] -C(0)CHP2 

This invention also provides compositions 
comprising one or more of the foregoing compounds and 
methods of using such compositions in the treatment of 
aberrant proteolysis such- as thrombosis in mammals or as 
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reagents used as anticoagxaants in the processing of 
blood to plasma for diagnostic and other conmiercial 
purposes. 

5 r^^«^^^^«.d Des^^-T^-i"" °^ invention 

AS used throughout the specifications, the 
following abbreviations for aiaino acid residues or amino 
acids apply: 

Ala = L-alanine 
10 Arg = L-arginine 
Asn = L-asparagine 

L-aspartic acid 

Asp 

azedine-2-carboxlic acxd 
Aze = " 
Cyg = L- cysteine 

15 Gin = L-glutaiuine 

Qlu L- glutamic acid 

Gly ■= glycine 

His =. L-histidine 

HoinoLys- L-hoiaolysine 

20 lie - L-isoleucine 
Irg = 

L- leucine 



Leu 



isothiouronium anaaog of L-Arg 



Lys = L-lysine 

^g,. = L-methionine 

^ L- ornithine 

25 Om - " 

pjjg = L- phenylalanine 

pro = t-proline 

Ser = L- serine 

Thr = L-threonine 

30 Trp = L-tryptophan 

Tyr = L- tyrosine 

val = L-valine 

Sar = L-sarcosine 
Phe(4-fluoro)» ^ para-fluorophenylalanine 

35 
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. The -D. prefix for the toregoinj aibreviatione 
indicates the a»lno «,ia la in the D-cctf iguratlon 
•D.l,. indicates the anino is present in mixture of 'the 
!>■ ««1 the L-configuratlon. The prefix -boro- indicate. 
5 «ino «ld residue, where the carhoxyi i. replaced Z V 
boronic acid or a boronic.acid ester. Por eL^ie. « 
R is iscpropyl and yi a:^ ,2 the c-ter«l„al 

residue is atbreviated -boroVal-OH- where --oh- 
indicates the boronic acid i. in the for» of the free 
io acid, pinanedioi hor»ic acid e.ter and tL pIITcol 

^ronic acid e.ter are abbreviated ..c.„H„. Z ' °" 

-C6H„.. respectively. Example, of other u..£ul diols 
for esterification with the boronic acids are 4 

IS 1.2-propanedioi. 

15 2,3-butanediol. 1.2-diisopropylethanediol 

Llifrr'""'' ^•^-''^^^^'"'"ylethan^diol. ^ 

::rr:itr"ird\rzi:: oTr^- 

20 *nalog. containing sldechain substituents are described 
^indicatin, tbe substituent in parenthesis foU^^ 
the na^of the parent residue, ^or example the anatg 
L containing a .eta cyano group is 

(borolrg) are also put in p«:.nthesl. in a stailL ' 

Z. benznoxycarbonyl. 

BSA b«isene sulfonic acid, THF, tetrahydrofuran; Boc 
,n «««r> ' , acetyl; pHA, p-nltro-aniline- 

30 DMAP, 4-N,N-di«.ethylaminopyridine; Tris 

^is^hyaxo^tby,,3^,^,^^. spectrometry; 

FAB/MS, fast atom boinbardm^t-mass spectrometrv 

l^<^3-Ci, and HR«s(»H3.cr,-.are lo^ ald'T' 

3s rr :ir ^ 
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The following abbreviations may also be used herein 
and are defined as follows. The abbreviation "DIBAI** 
means diisobutylaluminuin hydride. The abbreviation 
•RaUi" means Raney nickel. The abbreviation "lAH" means 
5 lithium aluminum hydride. The abbreviation "1,1' -GDI" 
means i , i • - carbonyldiimidazole . The abbreviation "Bn" 
means benzyl. The abbreviation "BOC" means t-butyl 
carbamate. The abbreviation "CBZ" means benzyl 
carbamate . 

10 The compounds herein described may have asymmetric 

centers. All chirail, diastereomeric , and racemic forms 
are included in the present invention. Many geometric 
isomers of olefins, C=N double bonds, and the like can 
also be present in the compounds described herein, and 

15 all such stable isomers are conteB«>lated in the present 
invention. It wiU .be appreciated that certain 
compounds of the present invention contain an 
asynnnetrically sxibstituted carbon atom, and may be 
isolated in optically active or racemic forms. It is 

20 well known in the art how to prepare optically active 
forms, such as by resolution of racemic forms or by 
synthesis, from optically active starting materials. 
Also, it is realized that cis and trans geometric 
isomers of the confounds of the present invention ire 

25 described and may be isolated as a mixture of israners or 
as separated isomeric forms . All chiral , 
diastereomeric, racemic forms and all geometric isomeric 
forms of a structure are intended, unless the specific 
stereochemistry or isomer form is specifically 

30 indicated. 

The reactions of the synthetic methods claimed 
herein are carxied out in suitable solvents which may be 
readily selected by one of skill in the art of organic 
synthesis, said suitable solvents generally being any 

35 solvent which is substantially nonreactive with the 
starting materials (reactants) , the intermediates, or 



-23- 



15 



35 



WO 96/12499 

PCr/D89S/13702 

products at the tei^eratures at which the reactions are 
carried out. a given reaction may be carried out in one 
solvent or a mixture of more than one solvent. 
Depending on the particular reaction step, suitable 
5 solvents for a particular reaction step may be selected 
When any variable (for example, rH, r12, r13, r14 
m, etc.) occurs more than one time in any constituent or 
formula for a compound. Its definition on each 
occurrence is independent of its definition at every 
10 other occurrence. Thus, for example, if a group is 
shown to be substituted with 0-3 R", then said group 
may optionally be substituted with up to three R" and 
R" at each occurrence is selected Independently from # 
the defined list of possible R^. Also, combinations of 
substituents and/or variables are permissible only if 
such combinations result in stable compounds. By stable 
compound or stable structure it is meant herein a 
compound that is sufficiently robust to survive 
isolation to a useful degree of purity from a reaction 
20 mixture. Similarly, by way of example, for the group 
-C(R")2-, each of the two R^i substituents on c is 
independently selected from the defined list of possible 

R • 

When a bond to a substltuent is shown to cross the 
bond connecting two atoms in a ring, then such O 
substltuent may be bonded to any atom on the ring, when^ 
a substltuent Is listed , without indicating the atom via 
which such substltuent is bonded to the rest of the 
compound of a given forroila, then such substltuent my 
be bonded via any atom in such substltuent. Por 
example, when the substltuent Is plperazlnyl, 
Piperidinyl, or tetrazolyl, unless specified 'otherwise 
said piperazinyl, piperidinyl, tetrazolyl group may be' 
bonded to the rest of the confound of a given formula 
via any atom in such plperazlnyl, piperidinyl, 
tetrazolyl group. 
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combinations of substituents and/or variables are 
permissible only if such combinations result in stable 
compounds. By stable compound or stable structure it is 
aeant herein a compound that is sufficiently robust to 
survive isolation to a useful degree of purity from a 
reaction mixture, and formulation into an efficacious 

therapeutic agent. 

-NH2 -blocking group- as used herein, refers to 
various acyl. thioacyl, alkyl. sulfonyl. phosphoryl, and 
phosphinyl groups comprised of 1 to 20 carbon atoms. 
Substitutes on these groups maybe either alkyl, aryl, 
alkylaryl which may contain the heteroatoms. O. S, and N 
as a substituent or in- chain component. A number of 
NH2 -blocking groups are recognized by those skilled in 
the art of organic synthesis. By definition, an NH2- 
blocking group may be removable or may remain 
permanently bound to the NHj. Exan«>le8 of suitable 
groups include formyl, acetyl, benzoyl, trif luoroacetyl. 
and methoxysuccinyl; aromatic urethane protecting 
groups, such as, benzyloxycarbonyl ; and aliphatic 
urethane protecting groups, such as t-butoxycarbonyl or 
adamantyloxycarbonyl. Gross and Meinhoffer, eds.. The 
peptides, vol 3; i-88 (1981), Academic Press, New York, 
and Greene and Huts Protective Groups in Organic 
synthesis, 315-405 (1991), J- Wiley and Sons, Inc., New 
York disclose numerous suitable amine protecting groups 
and they are incorporated herein by reference for that 
purpose. Amine protecting groups may include, but are 
not limited to the following: 2,7-di-t-butyl- [9- (lO.iO- 
30 dioxo-lO, 10,10, lO-tetrahydrothio- 
xanthyl)]methyloxycarbonyl; 2- 
trimethylsilylethyloxycarbonyl; 2- 
phenylethyloxycarbonyl; 1, 1- dimethyl -2, 2- 
dibromoethyloxycarbonyl ; 1 -methyl- 1 - (4 - 
blphenylyDethyloxycarbonyl; benzyloxycarbonyl; p- 
nitrobenzyloxycarbonyl; 2- (p- 
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toluenesulfonyDethyloxycarbonyl; m-chloro-p- 
acylo3tii>enzylo3Qrcarbonyl; s- 

benzylBoxazolylmethyloxycarbonyl; p- 
(dihydroxyboryDbenzyloxycarbonyl; m- 
5 nitropheayloxycarbonyl; o-nitrobeazyloxycarbonyl • 3 5- 
dimethoxybenzyloxycarbonyl; 3, ^-dimethoxy-e- 
nitrobenzyloxycarbonyl; N'-p- 

toluenesulfonylaminocarbonyl; t-aayloxycarbonyl. p- 
decyloxybenzyloxycarbonyl; diisopropyl„«thylo^arbonyl; 
LO 2,2-dimethoxycarbonylvinyloxycarboayl; <U(2- 

pyridyDmethyloxycarbonyl; 2 - f uraaylmetbyloxycarbonyl • 
Phthalimide; dithiasuccinimide; 2 , 5 - dlnethylpyrrole • ' 
benzyl; 5-dibenzylsuberyl; triphenylnethyl ; benzyli^ene- < 
daphenylmethylene; or methanesulfonamide. 
S -Amino acid residues" as used herein, refers to 

natural, nidified or unnatural anino acids of either D- 
or L-configuration and aeahs an organic compound 
containing both a basic amino group and an acidic 
carboxyl group. Natural amino acids residues are Ala 
' Arg, Asn, Asp, Aze. Cys, Gin. Glu, ciy. His, lie, irg ' 
I*u, Lys, Met, Om, Phe, Phe(4-fluoro) , Pro, Sar, Ser 
Thr, Trp, Tyr, and Val. Roberts and Vellaccio, The 
Peptides, vol 5; 341-449 (1983), Academic Press, New 
York, discloses numerous suitable unnatural amino acids 
and is incorporated herein by reference for that 
purpose. Additionally, said reference describes, but ^ 
does not extensively list, ^acylic N-alkyl and acyclic 
a,a-dxsubstituted amino acids. Included in the s^ope 
the present invention are N-alkyl, aryl, and alkylaryl 
analogs of both in chain and N-terminal amino acid 
residues. Similarly, alkyl, aryl, and alkylaryl maybe 
substituted for the alpha l^drogen. Illustrated below 
are examples of N-alkyl and alpha alkyl amino acid 
residues, respectively. 
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unnatural amino acids that fall within the scope of 
this invention are by way of example and without 
5 limitation: 2-aminobutanoic acid, 2 - aminopentanoic 
acid, 2-aminohexanoic acid, 2-aminoheptanoic acid, 2- 
aminooctanoic acid, 2-aminononanoic acid, 2- 
aminodecanoic acid, 2-aminoundecanoic acid, 2-amino-3, 3- 
dimethylbutanoic acid. 2-amino-4,4-diroethylpentanoic 
10 acid, 2-amino-3-met.hylhexanoic acid, 2-ainino-3- 

methylheptanoic acid. 2-amino-3-methyloctanoic acid, 2 - 
amino-3-methylnonanoic acid. 2-ainino-4-inethylhexanoic 
acid, 2-amino-3-ethylpentanoic acid, 2 -amino- 3,4- 
dimethylpentanoic acid, 2-amino-3 ,5-dimethylhexanoic 
acid, 2-amino-3,3-dimethylpentanoic acid, 2-amino-3- 
ethyl-3-methyipentanoic acid, 2 -amino -3,3- 
diethylpentanoic acid, 2-amino-5-methylhexanoic acid, 2- 
ajaino-6-methylheptanoic. 2-amino-7-methyloctanoic, 2- 
amino-2-cyclopentylacetic , 2-amino-2-cylcohexylacetic 
acid, 2 -amino-2-(l-methylcylcohexyl) acetic acid, 2- 
amino - 2 - (2 -methyl - 1 -methylcylcohexyl) acetic acid, 2 - 
amino- 2- (3 -methyl- l-methylcylcohexyl) acetic acid. 2- 
amino-2-(4-methyl-i-methylcylcohexyl)acetic acid, 2- 
amino-2- (l-ethylcycplhexyl) acetic acid, 2-amino-3- 

25 (cyclohexyl) propanoic acid, 2-amino-4- 
(cyclohexyl) butanoic acid, 2 - amino- 3 - (1 - 
adamantyl) propanoic acid, 2-amino-3-butenoic acid, 2- 
amino-3-methyl-3-butenoic acid, 2-amino-4-pentenoic 
acid, 2-amino-4-hexenoic acid, 2-amino-5-heptenoic acid, 
2-amino-4-methyl-4-hexenoic acid, 2 -amino- 5 -methyl- 4- 
hexenoic acid, 2-amino-4-methy-5.hexenoic acid, 2-amino- 
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6-heptenoic acid, 2-amino-3.3 4 -tri ^ 
acid, 2-ajnino-4-chloro-4-pentenolc, 2-ainino-4, 4- 
dlchloro-3-buteno±c acid, 2-ain±no-3- <2- 
methylenecyclopropyl) -propanoic acid, 2-aiaino-2- (2- 
S cyclopentenyl) acetic acid, 2 -amino- 2- 

( cyclohexenyl ) acetic acid, 2 - amino - 3 - (2 - 
cyclopentenyl) propanoic acid, 2-amino-3- (3. 
cyclopentenyl) propanoic acid, 2-amino-3- (1- 
cyclohexyl) propanoic acid, 2-amino-2- (1- 
10 cyclopentenyl) acetic acid, 2-amino-2- (1- 
cylcohexyl) acetic acid, 2-aittino-2- (i- 
cylcoheptenyl) acetic acid, 2-amino-2- (1- 

cyclooctenyDacetic acid, 2-amino-3-(i- ^ 
cycloheptenyl) propanoic acid, 2 -amino- 3- (1 4. 
15 cyclohexadienyl) propanoic acid, 2-amino-3- (2 5- 
cyclohexadienyl) propanoic acid, 2-amino-2- (7- 
cycloheptatrienyl) acetic acid, 2-amino-4,5-hexadienoic 
acid 2-amlno-3.butynoic acid, 2-amino-4-pentyoic acid, 
2-amino-4-hexynoic acid, 2-amino-4-hepten-6-ynoic acid 
2-amino-3-fluoropropanoic acid, 2-amino-3 3 3- 
trifluoropropanoic acid, 2-amino-3-f luorobu^anoic acid 
2-ami,«.3-fluoropentanoic acid, 2-amino-3-f luorohexano^c 
acid, 2-amlno-3,3.difluorobutanoic acid, 2-amino-3,3- 
difluoro-3-phenylpropanoic acid, 2-amino-3- 
perfluoroethylpropanolc acid> 2-amlno-3- 

perfluoropropylpropanoic add, 2-amino-3-fluoro-3- ^ 
methylbutanoic acid, 2-aalno.5,5,5-trlfluoropehtaaoic 
acid, 2-amino-3-methyl-4,4,4-trlfluorobutaaoic acid 2- 
an.ino-3-trifluoromethyl-4,4,4-trlfluorobutanolc acid, 2- 
am^o-3,3,4,4,5,5-heptaflUoroperitanoic acid, 2-amlno-3. 
methyl-5-fluoropentanoic Acid, 2 -amino -3 -methyl- 4- 
fluoropentanoic acid, 2-amino-5,5-difluorohexanoic acid 
2-amino-4-(fluoromethyl)-5-fluoropentanoic acid 2- 
aiaino-4-trifluoromethyl-5,5,5-trifiuoropentanoi; acid 
2-amlno-3-fluoro-3-methylbutanoic acid, 2-amlno-3- 
f luoro-3 -phenylpentanoic acid, 2 -amino-2 - (l- 
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fluorocyclopentyl) acetic acid, 2-amino-2- (1- 
fluorocyclohexyl) acetic acid, 2-aniino-3-chloropropanoic 
acid acid, 2-aiiiin6-3-chlorobutanoic acid acid, 2-aniino- 
4,4-diclilorobutanoic acid acid, 2 -amino -4,4,4 - 
5 trichlorobutanoic acid, 2-ainino-3,4,4-trichlorobutanoic 
acid, 2-ainino-6-chlorohexanoic acid, 2-aniino-4- 
bromobutanoic acid, 2-amino-3-bromobutanoic acid, 2- 
aittino-3-mercaptobutanoic acid, 2-amino-4- 
mercaptobutanoic acid , 2 - amino - 3 - mer capto -3,3- 

10 dime thy Ipropanoic acid, 2 -amino -3 -mer capto- 3- 

methylpentanoic acid, 2-amino-3-mercaptopentanoic acid, 
2-amino-3-mercapto-4-methylpentanoic acid, 2-amino-3- 
methyl-4-mercaptopentanoic acid, 2-amino-5-mercapto-5- 
methylhexanoic acid, 2- amino- 2- (1- 

15 mercaptocyclobutyl) acetic acid, 2-amino-2- (1- 
mercaptocyclopentyl) acetic acid, 2-amino-2- <1- 
mercaptocyclohexyl) acetic acid, 2-amino-5- 
(metbylthio) pentanoic acid, 2 -amino- 6- 
(methylthio)hexaxioip acid, 2-amino-4-methylthio-3- 

20 phenyltoutanoic acidr, 2 -amino- 5 -ethyl thio- 5- 

methylpentanoic acid, 2-amino-5-ethylthio-3, 5,5- 
trimethylpentanoic acid, 2-amino-5-ethylthio-5- 
phenylpentanoic acid, 2-amino-5-ethylthio-5-pentanoic 
acid, 2-amino-5-butylthio-5-methylpentanoic acid, 2- 

25 amino-5-butylthio-3,5,5-trimethylpentaiioic acid, 2- 
amino-5-butylthio-5-phenylpentaaoic acid, 2-ainino-5- 
(butylthio)pentanoic acid, 2-amino-3 -methyl -4- 
hydroselenopentanoic acid, 2-amino-4- 

methylselenobutanoic acid, 2-amino-4-ethylselenobutanoic 
30 acid, 2-amino-4-benzylselenobutanoic acid, 2-amino-3- 
methyl-4- (methylseleno)butanoic acid, 2 -amino- 3 - 
(aminomethylseleno) propanoic acid, 2-amino-3- (3- 
aminoprojpylseleno) propanoic acid, 2 -amino- 4- 
methyltellurobutanoic acid , 2 - amino- 4 - hydroxybutanoic 
35 acid, 2-amino-4-hydroxyhexanoic acid, 2-amino-3- 

hydroxypentanoic acid, 2-amino-3-hydroxyhexanoic acid. 
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2.ai.ino-3«thyl-4-hyaroxybutanoic acid, 2.a«ino-3- 
hvdro:^.3.«thyU=utanoic acid, ^-azOno-C-hydroxyt^^ic 
acid ,..:.ine.4.hydroxyhexaac,lc acid. 2.^.,.„^. 

4-»ethylpent«»ic acid, 2.a>nino-3-hydroxy-3- 
5 methylpentanolc acid, 2:anino-4-hydroxy-3 3. 
dinathylbutanoic acid, 2-aiiiino-3-hyr<ay-4- 
-ethylpantanoic aeid. 2-a-ino-3-hydroybuta»edloic acid 
2-a..inc.3.W^-3.ph.„yl.p„p^,, ,-a^ 
^xy-3.(4.„itr»phenyl,propanoicacid. 2-a..ino.3- 
10 hy^oxy.3.,3-pyridyl,propanolcacia, 2-,..ino.2- ,1- 
hydroxycyclpprocyDacetic acid, 2-aiiiiao.3-(l- 
•^^oxycyclchexyDpropanoic acid, 2-..ino-3-.^oxy-3- ■ 
Phenylpropanoic add, 2-ani«,-3-hydroxy-3. [3-bi« (2^ # 
chloroethyDaninophanyllpropanolc acid, 2.«.i«,.3. 
hydroxy-3- ,3 .-dihydrcxyphenyl.propanoic acid, 2.a..i„o. 
3-hydroxy-3.,3.4-.ethyle«eaioxyphenya,prcpaxu>ic acid 2- 
a«ino-4.fluoro.3-bydroxybuta^ic acid, 2.a-i«,.4 
trichloro.3.hydroxy*utanoic acid, 2.a:.ino.3.hydr«,;... 
h«y.o.c acid, 2-a:ano.3,.-dihydroxyI„t«„ic 2 
"-»o-3.4,s,6-tetrahydro^hexanoic acid, 2.aa>lno-4 5. 
<"il>y<lr«cy-3.methylpentanoic acid, 2-ani«,-5 6- 
<Uhydr<«yhe«nolc acid, 2 -amino- 5 -hydroxy- 4- 
(^oxy«t*yl,pentanoic acid, 2-aad«,-4,5-di>^„xy.4- 
(bydroxy«thyl,pentanoic acid, 2-«ni„o-3-hydroL-5 
b««yle>xyp«ntanoie aeid, 2-aniiio-3-(2- O 
aminoetlxKyjpropaiioic acid, 2-aiiHno-4-(2- * 
a^noethoxyjbutanoic acid. 2-«rino-4.oxobutanoic acid 
2-aaano-3.oxobutanoic acid, 2-a..l«-4.„thyl-3 
oxopentanoic acid. 2-a.nino-3-ptanyl.3-oxopropanoic acid 
2-a«no-4-phenyl-3-oxobut«.oic acid. 2-a«i« 3-„e^n 4 
oxopentaaoic acid. 2-a»inb-«-oxo-4. («- 
hyaroxyphenyDbutanoic acid. 2-M,i„o-4-oxo-4. 12- 
fuiyDbutanoic acid. 2-aiidao-4-oxo-4-(2- 
nitrophenyDbutanoic acid. 2-a1.ino-4.oM-4.15 . ■ 
« cbaoropbenyiibutanoic ^.i.. .2.^\Z. J^l^'*- 
cyclohexenyDpropanoic acid, 2-amino-3r (4- 
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oxocyclohexanyl) propanoic acid. 2-aiiiino-3- (2, 5 -dimethyl - 
3,6-dioxo-l,4-cyclohexadienyl)propanoic acid, 2-amino-3- 
(l-hydroxy-5-methyl-7 -oxo-cyclohepta-l. 3. 5-trien-2- 

yl) propanoic acid, 2 -amino- 3 - ( 1 -hydroxy-7 -oxo- 

5 cyclohepta- 1,3, 5 -.trien- 3 -yl) propanoic acid, 2 -amino- 3- 
(l-hydroxy-7-oxo-pyi?lohepta-i,3,5-trien-4-yl)propanoic 
acid, 2-aaiino-4-methoxy-3-butenoic acid, 2-amino-4- (2- 
aiBinoethoxy)-3-butenoic acid, 2-amino-4- (2-amino-3- 
hydroxypropyl)-3-butenoic acid, 2-amino-2- (4-methoxy- 
10 1, 4 -cyclohexadienyl) acetic acid, 2 -amino -3,3- 

diethoxypropanoic acid, 2-amino-4, 4-dimethylbutanoic 
acid, 2 -amino-2- (2,3 -epoxycyclohexyl) acetic acid, 2- 
amino-3- (2,3- epoxycyclohexy) propanoic acid, 2-amino-8- 
oxo-9,10-epoxydecanoic acid, 2-amino-propanedioic acid, 

15 2-amino-3-methylbutanedioic acid, 2-amino-3,3- 

dimethylbutanedioic acid, 2-amino-4-inethylpentanedioic 
acid, 2-amino-3-methylpentanedioic acid, 2-amino-3- 
phenylpentanedioic acid, 2-amino-3-hydroxypentanedioic 
acid, 2-amino-3-carboxypentanedioic acid, 2-amino-4- 

20 ethylpentanedioic. acid, 2-amino-4-propylpentanedioic 
acid, 2-amino-4-isoamylpentanedioic acid, 2-ainino-4- 
phenylpentanedioic acid, 2-aiaino-hexanedioic acid, 2- 
amlno-heptanedioic acid, 2-amino-decanedioic acid, 2- 
amino-octanedioic acid, 2-amino-dodecanedioic acid, 2^ 

25 amino-3-niethylen(ebutanedioic acid, 2-amino-4- 

methylenepentanedioic acid, 2-amino-3-f luorobutanedioic 
acid, 2-amino-4-fluoropentanedioic acid, 2 -amino -3,3 - 
difluorobutanedioic acid, 2-amino-3-chloropentanedioic 
acid, 2-amino-3-hydroxybutanedioic acid, 2-amino-4- 

30 hydroxypentanedioic acid, 2-amino-4-hydroxyhexanedioic 
acid, 2-amirio-3,4-eiibydroxypentanedioic acid, 2-amino-3- 
(3 -hydroxypropyl) butanedioic acid, 2 - amino- 3 - ( l - carboxy- 
4-hydroxy-2-cyclodienyl) propanoic acid, 2 -amino- 3- 
(aceto) butanedioic- acid, 2-amino-3-cyanobutanedioic 

35 acid, 2-amino-3-(2-carboxy-6-oxo-6H-pyranyl)propanoic 
acid, 2-amino-3^catrboxybutanedioic acid, 2-amino-4- 
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carboxypentanedioic acid, 3-amido-2-ainino-3- 
hydroxypropanoic. acid, 3-aiaido-2-aiaino-3-«ethylpropanoic 
acid, 3-ainido-2-aniino-3-phenylpropaaoic acid, 3-amido- 
2,3.diaii»iaopropaaoic acid, 3-aiaido-2-amino-3- [n- (4- 
5 hydroxyphenyDaninoJ propanoic acid, 2, 3- di aminopropanoi c 
acid, 2,3-diaminobutanoic acid, 2,4-diaminobutanoic 
acid, 2,4-diamino-3.n,etliylbutanoic acid, 2, 4 -diamine- 3- 
Phenylbutanoic acid, S-amino-S- (methylamino)butanoic 
acid, 2,5-diamino-3-methyipentanoic acid, 2,7- 
10 diaminoheptanoic acid, 2,4-diaminoheptanoic'acid, 2- 
amino-2-(2-piperidyl)acetic acid, 2-amiao-2-{i. ' 
aminocyclohexyl) acetic acid, 2. 3-diamiao-3- 
phenylpropanoic acid, 2, 3 -diamine- 3- (4- ^ 
hydroxyphenyDpropanoic acid. 2,3.diamino-3- (4- 
15 methoxyphenyl) propanoic acid, 2, 3 -diamine- 3- [4- (N N- - 
dimethyamino) phenyl] propanoic acid, 2,3-diamino-3- (3 4- 
dimethoxyphenyl) propanoic acid, 2, 3 -diamine- 3- (3 4. ' 
methylenedioxyphenyl) propanoic acid, 2,3-diamino'3- (4- 
hydroxy.3-methoxyphenyl)pt6panoic acid, 2,3-diamino-3- 
(2 -phenylethyl) propanoic acid, 2, 3 -diamine- 3- 
propylpropanoic acid, 2, 6-diamino-4-hexenoic acid, 2 5- 
diamiao-4.fluoropent:anoic acid, 2, 6 -diamine- 5- 
fluerehexanoic acid, 2, 6::diamine-4-hexynoic acid, 2 6- 
diamine-5,5-difluerohexaiJioid acid, 2,6-diamino-5 5-' 
dimethylhexanoic acid, 2,5-diamine.3-hydroxypentiaioic J 
acid, 2,6-diamino-3-hydroxyhexanoic acid, 2, 5-diamino-4- 
hydroxypentaaoic acid, 2, 6-diamine-4-hydroxyhexaneic 
acid, 2,6-diamino-4-oxohexaaoic acid, 2,7- 
diamiaooctaaedieic acid, 2,6-diamiao-3-carbexyhexaneic 
acxd, 2,5-diamine.4-carboxypentaaoic acid, 2.amino-4- [2- 
(N,N.-diethylamine)ethyl]pentandioic acid, 2-amino-4- 
(N,N'-diethylamino)pentandioic acid, 2.amiao-4- (h- 
xnorpholino)pentandioic acitl,' 2-amino-4- [h,n. -bi8(2- 
chloreethyl) amino] pentandioic acid, 2.amiao.4. [H N- - 
35 bis (2 -hydroxyethyl) amino] pentandioic acid, 2,3,5- 
triaminopentanoic acid, 2-amino-3- [n- (2- 
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10 



aminethyDaminoJpropanoic acid, 2-amino-3-((2- 
alIlinoethyl) selenol propanoic acid, 2 - amino- 3 -1(2- 
aminoethyl) thiol propanoic acid, 2 -amino- 4- 
aminooxybutanoic acid, 2-amino-5-hydroxyaminopentanoic 
acid, 2-amino-5- IN-(5-nitro-2- 
pyrimidinyl)aminolpentanoic acid, 2-amino-4-[(7-nitro- 
2,l,3-benzoxadia2ol-4-yl)amino]butanoic acid. 2-amino-3- 
g^dinopropanoic acid, 2-amino-3-guanidinobutanoic 
acid, 2-amino-4-guanidobutanoic acid, 2-amino-6- 
guanidohexanoic acid, 2-amino-6.ureidohexanoic acid. 2- 
amino- 3- (2- iminoimldazolin-4-yl) propanoic acid. 2-amino- 

2- (2-iininohexahydropyrimidin-4-yl)acetic acid. 2-amino- 

3- (2-iininohexahydropyriinidiny-4-yl)propanoic acid, 2- 
amino-4-fluoro-5-guanidopentanoic acid, 2-amino-4- 

15 hydroxy- 5 -guanidopentanoic acid. 2-amino-4- 

guanidooxybutanoic acid, 2-amino-6-amidinohexanoic acid, 
2-amino-5-(N-acetimidbylamino)pentanoic acid. 1- 
aminocyclopropanecarboxylic acid. 1 -amino- 2- 
ethylcyclpropanecaurboacylic acid, 1- 

20 aminocyclopentanecarboxylic acid, l- 

aminocyclopentanecarboxylic acid, l-amino-2, 2. 5. 5- 
tetramethyl-cyclohexanecarboxylic acid. 1- 
aminocycloheptanecarboacylic acid, 1- 
aminocyclononanecirboxylic acid, 2-aminoindan-2- 

25 carboxylic acid, 2-aminonorbomane-2-carboxylic acid. 2- 
amino-3-phenylnbrbomane-2-carboxylic acid, 3- 
aminotetrahydrothiophene-3-carboxylic acid, l-amino-l.3- 
cydohexanedicarboxylic acid, 3-aminopyrrolidine-3- 
carboxylic acid. i,4-diaminocyclohexanecarboxylic acid, 

30 6-alkoxy-3-amino-l,2,3,4-tetrahydrocarbazole-3- 

carboxylic acid. 2-aminobenzobicyclo[2,2,2]octane-2- 
carboxylic acid, 2-aminoindan- 2 -carboxylic acid, 1- 
amino-2- (3 , 4 - dhydroxyphenyl) cyclopropanecarboxylic acid, 
5,6-dialkoxy-2-aminoindane-2-carboxylic acid, 4,5- 
35 dihydroxy-2-aminoindan-2-caroxylic acid, 5.6-dihydroxy- 
2-aminotetralin-2-carboxylic acid. 2-amino-2-cyanoacetic 
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acid, 2-ainino.3-cyanopropanoic acid, 2-ainino.4. 
cyanobutanoic acid, 2-amino-5-nitropentanoic acid 2- 
amino-fi-nitrohexanoic acid, 2-ainino-4-aainooxybut^ic 
acid 2-a»ino-3.(N.aitro80hydroxyainino)propanoicacid 
2-a«ino-3-ureidopropanoic acid, 2-a«i^.,.,,eidobutan;ic 
acid, 2.ainino-3.pho8phopropanoic acid, 2-ainiao-3- 
thiophosphopropanoic acid, 2-amino-4- 
methanephosphonylbutanoic icid. 2-ainiao-3- 
(trimethylsilyl) propanoic acid, 2-ainino-3- 

10 «5i«'ethyl(trixaethylsilyi„ethylsilyl)propanoicacid 2- 
amino -2 -phenylacetic acid, 2-amiao-2- (3- 
chlorophenyl) acetic acid. 2-aniino-2- (4- 

clilorophenyl) acetic acid, 2-amino-2- (3- i 
f luorophenyl ) acetic acid, 2 - amino - 2 - ( 3 - 
15 methylphenyl) acetic acid, 2-amiao-2- {4- 
f luorophenyl) acetic acid, 2-amino-2- (4. 
methylpheayDacetic acid, ,2-amino-2-(4- 
methoxyphenyl)acetic acid, 2-aiaino-2-(2- 
f luorophenyl) acetic acid, .2-amino-2. (2- 
methylphenyl) acetic acid, : 2 -amino- 2 - (4 - 
chloromethylphenyl) acetic acid, 2 -amino- 2 - (4 - 
hydroxymethylphenyl) acetic acid, 2-amino-2- [4- 
(methylthiometl^r^)phenyl]acetic acid, 2-amino-2-(4- 
bromomethylphenyl) acetic acid, 2.aaino-2- [4- 
(methoxymethy)phenyl] acetic acid, 2-amino-2- I4- ( (n- 
benzylamino) methyl) Phenyl] acetic acid, 2-a»,ino-2- (4- ' 
hy«aroxylphenyl) acetic acid, 2.amino-2- (3- 
hydroxylphenyl) acetic acid, 2-amino-2. (3. 
carboxyphenyDacetic acid, 2-amino-2-(4. 
30 aminophenyl)acetic acid, 2-a«ia<>.2- (4.azidophenyl,acetic 
acd, 2-amino-2- (3 - "butyl- 4 -hydroxyphenyljLtlc acid 
2-am.no-2-(3,5-difluoro-4.hydroxyphenyl)acetic acid 2- 
amno-2-(3,5-dihydroxyph^yl)acetic acid, 2-amino-2' (3- 
carboxy-4-hydroxyphenyl) acetic acid, 2-aiaino.2. (3 S-dl 
t-butyl-4-hydroxyphenyl) acetic acid, 2.amino-3-(2 
methylphenyl) propanoic acid, 2-amino-3- (4. 
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ethylphenyl) propanoic acid, 2-amino-3- (4- 
phenylphenyl) propanoic acid, 2-amino-3- (4- 
benzylpheny 1 ) propanoic acid , 2 - amino - 3 - { 3 - 
£ luorophenyl ) propanoic acid , 2 - amino - 3 - < 4 - 
5 methylphenyl) propanoic acid, 2-amino-3- (4- 
f luorophenyl ) propanoic acid , 2 - amino - 3 - ( 4 - 
clilorophenyl ) propanoic acid, 2 - amino - 3 - ( 2 - 
chlorophenyl) propanoic acid, 2-amino-3- (4 - 
bromophenyl) propanoic acid, 2 -amino- 3- (2- 

1 0 bromophenyl ) propanoic acid , 2 - amino - 3 - ( 3 - 
hydroxyphenyl) propanoic acid, 2-amino-3- (2- 
hydroxyphenyl) propanoic acid, 2-amino-3- (4- 
mercaptophenyl) propanoic acid, 2-amino-3- {3- 
trif luoromethylphenyDpropanoic acid, 2 -amino- 3 - (3- 

15 hydroxyphenyl) propanoic acid, 2-axiiino-3- (4- 
hydroxyphenyl ) propanoic acid , 2 - amino - 3 - [4 - 
(hydroxymethy) phenyl] propanoic acid, 2 - amino- 3 - [3 - 
(hydroxymethyl) phenyl] propanoic acid, 2-amino-3- [3- 
( aminomethyl ) phenyl] propaxioic acid , 2 - amino - 3 - ( 3 - 

20 carboxyphenyl) propanoic add, 2-amino-3- (4- 
nitrophenyl)propanoic acid, 2-aittino-3- (4- 
Minophenyl) propanoic acid, 2-amino-3- (4- 
azidophenyl) propanoic acid, 2-amino-3- (4- 
cyanophenyl) propanoic acid, 2-amino-3- (4- 

25 acetophenyl) propanoic acid, 2-amino-3- (4- 

guanidinophenyl) propanoic acid, 2 -amino- 3- [4- 
(phenylazo)phenyl].i^panoic acid, 2-amino-3- [4- (2- 
phenyletlvlenyDphiaayl] propanoic acid, 2 - amino- 3 - (4- 
triallcylsilylxAxenyl) propanoic acid, 2-amino-3- (2,4- 

30 dimethylphenyl) propanoic acid, . 2 - amino - 3 - ( 2 , 3 - 
dimethylphenyl) propanoic acid, 2-amino-3- (2,5- 
dimethylphenyl) propanoic acid, 2 - amino - 3 - ( 3 , 5 - 
dimethylphenyl) propanoic acid, 2 - amino - 3 - ( 2 , 4 , 6 - 
trimethylphenyl) propanoic acid, 2 -amino- 3 -(3,4,5- 

35 trimethylphenyl) propanoic acid, 2-amino-3- (2,3,4,5,6- 
pentamethylphenyl)propanoic acid, 2 -amino- 3- (2,4, - 
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difluoropheoyl) propanoic acid, 2 -amino- 3 - (3 , 4 , - 
difluorophenyl) propanoic acid, 2 -amino- 3 - (2 5 , - 
dif luorophenyl) propanoic acid, 2-amino-3- (2, e' - 
difluorophenyl) propanoic acid, 2-amino-3- (2,3, 5, 6- 
5 tetraf luorophenyl ) propanoic acid, 2 - amino - 3 - ( 3 , s - 

dichloro-2,4,6-trifluorophenyl)propanoic acid, '2-amino- 
3 -(2, 3 -dif luorophenyl) propanoic acid. 2-amino-3- (2,3- 
blstrlfiuoromethylphenyl) propanoic acid, 2.amino-3-(2 4- 
bistrifluoromethylphenyl) propanoic acid. 2-amino-3- (2- 
10 chloro-5-trifluoromethylphenyi)propanoic acid. 2-amino- 
3- (2, 5 -dif luorophenyl) propanoic acid. 2-amino-3. 
{2.3,4,5,6-pentafluorop?>enyl)propanoic acid, 2-amino-3- 
(2, 3 -dibromophenyl) propanoic acid, 2-amino-3- (2, 5- i 
dibromophenyl) propanoic acid. 2 -amino- 3 - (3,4- 
15 dibromophenyl) propanoic acid. 2-amino-3- (3,'4,5. 
triiodophenyl) propanoic acid. 2-amino-3- (2.3' 
dihydroxyphenyl)propanoic acid, 2-amino-3- '{2.5- 
dihydroxyphenyl) propanoic acid, 2-amino 3- (2,'6- 
dihydroxyphenyl)propanoic acid. 2-amino-3-(3-bromo-5- 
20 methoxyphenyl) propanoic acid. 2-amino-3- (2.5. 
dimethoxyphonyl) propanoic acid. 2 -amino- 3 - '(2.5- 
<limethoxy-4-methylphenyl^ptopanoic acid. 2-aiIiino 3- {4- 
bromo-2.5-dimethoxypheny^)propanoic acid. 2-amino-3-(3. 
carboxy-4-hydroxyphenyl)propanoic acid, 2-amino-3. (3- 
carboxy-4-aminophenyl)p«>panoic acid, 2-amino- 3- (2- 
hydro3cy-5-nitrophenyl)propanoic acid, 2-amino-3- (2- ^ 
ethoxy-5-nitrophenyl)pr<^panoic acid, 2-amino-3- (3,4,5. 
trimethoxyphenyl)propanoi-c acid, 2-amino-3- (4-azido'2- 
nitrophenyDpropanoic acid, 2-amino-3-(2-hydroxy-5- 
30 nitrophenyl) propanoic acid, 2-amlno-3. (2,4-bi8- 

trlmethylsilylphenyl) propanoic acid, 2-amino-3- (4- 
hydroxy-3.5-di-t-butylphenyl)propanoic acid. 2-amino-3- 
(4-hydroxy-3.ben2ylphenyl)propanoic acid. 2-amino-3. (4- 
hydroxy-3-f luorophenyl) propanoic acid. 2-amino-3- (4- 
35 bydroxy-2,3,5.6-tetrafluorophenyl)propanoic acid 2- 

ainiiio-3-(4-hydroxy-3.5-dlchlorophenyl)propanoic acid 2- 
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amino- 3- (4 -hydroxy- 3- iodophenyl) propanoic acid, 2-ajnino- 
3 - ( 4 - hydroxy- 3,5- diiodophenyl ) propanoic acid , 2 - amino - 3 - 
( 4 - hydroxy- 2 - hydroxyphenyl ) propanoic acid , 2 - amino - 3 - ( 4 - 
iQTdroxy- 3 -hydroxymethylphenyl) propanoic acid, 2 -amino- 3- 
(4-hydroxy-2-hydroxy-6-methylphenyl) propanoic acid, 2- 
amino- 3- (4 -hydroxy- 3- carboxyphenyl) propanoic acid, 2- 
amino-3* <4-hydroxy-3,5-dinitrophenyl)propanoic acid, 
substituted thyronines, 2-amino-3- (3,4-dihydroxy-2- 
chlorophenyl ) propanoic acid , 2 - amino - 3 - ( 3 , 4 - dihydroxy- 2 - 
bromophenyl ) propanoic acid , 2 - amino - 3 - ( 3 , 4 - dihydroxy - 2 - 
fluorophenyl) propanoic acid, 2-amino-3- (3,4-dihydroxy-2- 
' nitrophenyDpropanoic acid, 2 -amino- 3- (3, 4 -dihydroxy- 2- 
methylphenyl ) propanoic acid , 2 - amino - 3 - { 3 , 4 - dihydroxy- 2 - 
ethylphenyl ) propanoic acid , 2 - amino - 3 - ( 3 , 4 -dihydroxy - 2 - 
isopropylphenyl) propanoic acid, 2-amino-3- (2 -t-butyl- 
4,5- dihydroxyphenyl ) propanoic acid , 2 - amino - 3 - ( 3 - f luoro - 
4,5- dihydroxyphenyl ) propaxioic acid , 2 - amino - 3 - ( 2 - f luoro - 
4, 5 -dihydroxyphenyl) propanoic acid, 2-amino-3- (2, 5, 6- 
trif luoro -3, 4 -dihydroxyphenyl) propanoic acid, 2-amino-3- 
(2,6-dibromo-3,4-dihydroxyphenyl)propanoic acid, 2- 
amino-3- (5,6-dibromo-3,4-dihydroxyphenyl)propanoic acid, 

2- amino-3- {2,4,5-trihydroxyphenyl)propanoic acid, 2- 
amino - 3 - (2 , 3 , 4 - trihydroxyphenyl) propanoic acid, 2 -amino- 

3- (3, 4 -dihydroxy- 5-metho3OT>henyl) propanoic acid, 2- 
amino-3-methyl-3-phenylpropanoic acid. 2-amino-3 -ethyl - 
3-phenylpropanoic acid, 2-amino-3-isopropyl-3- 
phenylpropanoic acid, 2 -amino- 3 -butyl- 3-phenylpropanoic 
acid, 2 -amino- 3 -benzyl -3-phenylpropanoic acid, 2-amino- 
3 -phenylethyl- 3-phenylpropanoic acid, 2-amino-3- (4- 
chlorophenyl) -3-phenylpropanoic acid, 2-amino-3- (4- 
methoawlienyl) -3-phenylpr^anoic acid, 2 -amino -3,3- 
diphenylpropanoic acid, 2-amino-3- [4- (n,n- 
diethylamino) phenyl] heptanoic acid, 2-amino-3- [4- (N,N- 
diethylaminp) phenyl] pentanoic acid, 2-amino-3- (3,4- 
dimethoxyphenyDpentanoic acid, 2-amino-3- (3,4- 
dihydroxyphenyl)pentanoic acid, 2-amino-3-methyl-3- 
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Phenylbutanoic acid, 2-ain4no-3 -ethyl-3-phenylpentanoic 
acid, 2-amlno.3-methyl-3-phenylpentanoic acid, 2-amiao- 
3,3-dlphenylbutanolc acid, 2-aalno-3-f iuoro-3- 
Phenylpropanoic acid, 2 -amino -3 -methylene- 3- 
5 Phenylpropanoic acid. 2-amlno-3.methyiaercapto-3- 
Phenylpropanoic acid, 2-aoiao-4-methylmercapto-4- 
phenylbutanoic acid, 2-amlno-4- (3,4- 
dihydroxyphenyl)butanoic acid, 2-amino-5. (4- 
methoxyphenyDpentaaolc acid, 2 -amino- 4 -phenylbutanoic 
10 acid, 2.amino-5-phenylpentanoic acid, 2-amino.3,3- 
dimethyl-5-phenylpentanoic acid, 2-amino.4.phenyl-3- 
butenoic acid, 2-amino-4-phenoxybutanoic acid, 2-amino- 
5-phenoxypentanoic acid, 2'amino-2- (indanyl)acetic acid < 
2-aiiiino-2-(l-tetralyl)acetic acid, 2-amino-4 4- 
diphenylbutanoic acid, 2-amino-2- (2-naphthyl)acetic 
acid, 2-axnino-3-(l-naphthy.l)propanoic acid, 2-amlno-3- 
(l-naphthyl)pentanoic acid, 2-ainino-3- {2- 
naphthyl)propanoic acid, 2-aitiino-3-(i-chloro-2- 
naphthyl) propanoic acid, 2-amino-3- (i-bromo-2- 
naphthyl) propanoic acid, 2-amino-3- {4 -hydroxy- 1- 
naphthyl) propanoic acid, 2-amino-3- (4-methoxy-i- 
naphthyl) propanoic acid, 2-amino-3- (4-hydroxy-2-chloro- 
l-naphthyl)propanolc acid, 2-amino-3-(2-chloro-4- 
methoxy-i-naphthyl)propanoic acid, 2-aiiiino-2- (2- 
anthryl) acetic acid, 2-amlno.3- (9 -anthryl) propanoic j, 
acxd, 2-amlno-3.(2-fluoreniri)propanolc acid, 2-amino-3- ^ 
(4 -fiuorenyl) propanoic acid, 2 -amino- 3- 
(carboranyl) propanoic acid; 3-methylproline 4- 
methylproline, 5-methylproline, 4,4-dimethyiproline, 4- 
fluoroproline, 4,4.dlfluoroprollne, 4 -bromoprollne 4- 
chloroproline, 4-aminoproliiig, 3,4-dehydroprollne 4- 
methylproline, 4-methylenei»roline, 4-«ercaptoproline, 4- 
{4-methoxyben2ylmercapto)prollne, 4- 
hydroxymethylproline, 3 -hydroxyprollne, 3-hydroxy-5- 
methylproline, 3, 4-dihydroxyproline, 3-phenoxyprollne 
2-aminoproline, 5-amlnoproline, 3-carbamylalkylproline 
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4 - cyano - 5 -methyl - 5 - carboxyprol ine , 4 , 5 - di carboxyl - 5 - 
metlqriprollne, 2-az.iridinecarboxylic acid, 2- 
azetidinecarboxylic acid. 4-inethyl-2-azetidinecarboxylic 
acid, pipecolic acid, 1,2,3,6-tetrahydropicoliiiic acid, 
5 3,4-metliyleneproline, 2.4-methyleneproline, 4- 

aminopipecolic acid, 5-hydroxypipecolic acid, 4,5- 
dihydroxypipecolic acid, 5, 6-dihydroxy-2, 3- 
dihydroindole-2-caLrboxylic acid, 1,2,3,4- 
tetrahydroquinoline-2-carboxylic acid, 6, 7 -dihydroxy- 
10 i,2,3,4-tetrahydroiso<iuinoline-3-carboxylic acid, 6- 
hydroxy- 1 -methyl -1,2,3,4- 1 etrahydroisoquinoline - 3 - 
carboxylic acid, 6,7-dihydroxy-l-methyl-l,2,3.4- 
tetrahydroisoquinoline- 3 -carboxylic acid, 1,3- 
oxazolidine- 4 -carboxylic acid, 1, 2-oxa2olidine-3- 
15 carboxylic acid, perhydro -l, 4 -thiazine- 3 -carboxylic 
acid, 2, 2 -dimethyltfiiazolidine -4 -carboxylic acid, 
perhydro-l,3-thiazine-2-carboxylic acid, selenazolidine- 
4 - carboxylic acid , 2 -phenyl thiazolidine - 4 - carboxylic 
acid, 2- (4-methyli?henyl)thiazolidiner4-carboxylic acid, 
20 1 , 2 , 3 , 4 , 4a, 9a-hexahydro-beta-carboline-3 -carboxylic 
acid, 2,3,3a,8a-tetrahydr6pyrrolo(2,3b)indole-2- 
carboxylic acid, 2 -amino- 3 - (2-pyridyl) propanoic acid, 2- 
amino- 3- (3 -pyridyl) propanoic acid, 2-amino-3- (4- 
pyr idyl) propanoic acid, 2-amino-3- (2-bromo-3- 
im^ 25 pyridyl) propanoic acid, 2-amino-3- (2-bromo-4- 

pyridyl)propanoic acid, 2-amino-3- (2-bromo-5- 
pyr idyl ) propanoic acid , 2 - amino - 3 - ( 2 - bromo - 6 - 
pyridyl) propanoic acid,, 2-a min o-3- (2-chloro-3- 
I)yridyl) propanoic acid, 2ramino-3- {2-chloro-4- 
pyridyl)propanoic acid, 2-aminp-3- (2-chloro-5- 
I>yridyl) propanoic acid, 2-amino-3- (2-chloro-6- 
pyridyl) propanoic acid, 2-amino-3- (2-f luoro-3- 
pyridyl) propanoic acid, 2-amino-3- (2-f luoro-4- 
pyridyl ) propanoic acid , 2 - amino - 3 - ( 2 - f luoro - 5 - 
35 pyridyl) propanoic acid, 2-amino-3- (2-f luoro-6- 

pyridyl) propanoic acid, 2-amino-3- (l,2-dihydro-2-oxo-3- 
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PyridyDpropaaoic acid, 2-amino-3- (i , 2-dihydro-2-oxo-4 - 
Pyridyl) propanoic acid, 2-aalno-3- (1, 2-dlhydro-2-oxo-5- 
pyrldyl) propanoic acid, 2-andno-3-.(i. 2-dihydro-2.oxo-6- 
Pyrldyl) propanoic acid, 2-aiiilno-3- (5-hydroxy-2- 
5 pyridyl) propanoic acid, 2-a«lno-3- {5-hydroxy-6-iodo.2- 
Pyridyl) propanoic add, 2-amlno-3. (3-hydroxy-4-oxo- 
l,4dlhydro-l-pyrldyl)propanolc acid, N-{5-caroxyl-s- 
amlnopentyDpyrldlalum chloride, 1, 2, 5-trlmethyl.4. (2- 
amino-2-carboxy.l.hydroxyethyl)pyrldlnlum chloride 2- 
10 ainino-2-(5-chloro-2-pyrldyl)acetlc acid, N- (3.ainln^.3. 
carboxypropyDpyridlnium. chloride, 2-aialno-3. (2- 

Py^^l>P^opanolc acid, 2-amino-3-(l-pyrryl)propanolc 
acid, 2-ainino-4-(i-pyrryl)butanolc acid, 2-ainlao.5-(i- 4 
PyrryDpentanolc acid, 2-aniino-3- (5-lmlda2olyl) .3- 
15 methylpropanoic acid, 2-aiulno-3- (S-imidazolyl) -3. 
ethylpropanoic acid, 2 - amino - 3 - hexyl - 3 - ( 5 - 

ImidazolyDpropanoic acid. 2-amino-3-hydroxy-3.(5- 
lmlda2olyl)propanolc acid, 2-ainino-3-{4-nltro-5- 
imldazolyl) propanoic acid, 2-amino-3- (4-methyl-5. 
inldazolyl) propanoic acid, 2-anilno-3- {2-inethyl-5. 
ImidazolyDpropanoic acid, 2-ainlno-3- (4-fluoro-S- 
Imldazolyl) propanoic acid, 2-aniiao-3- (2-f luoro-5- 
imidazolyl) propanoic acid, 2-ainino-3- (2-ainino-5. 
imidazolyl) propanoic acldv -2-amino-3- {2-phenylaza-5- 
^idazolyl) propanoic acld,-^-anlno-3r (l.metlvl-2-nitro- A 
S-xmidazolyDpropanoic acid, 2-a«lno-3- (l-methyl-4. ^ 
nltro-5-ixnidazolyi)propaiiDic acid, 2-amino-3- (i-methyl- 
S-nxtro-S-imidazolyDpropanoic acid, 2-ainino-3. (2- 
inercapto-5-inildazolyl)propanoic acid, 2-amino-4- (5- 
30 iniidazolyDbutanoic acid,- 2-aiiiiiw>-3-(i. 
ImidazolyDpropanoic acid, 2-aiiiino-3. (2- 
imidazolyl) propanoic acid, 2 -amino -(1- 

^azolyl,propanoic acid, 2 -amino- (3 -pyr^olyl, propanoic 
acxd 2-amxno-(3,5-dialkyl-4-pyrazolyDpropanoic acid, 
2-amlno-3-(3-amino-i,2,4-triazol-i-yDpropanoic acid, 2- 
ainlno-3.(tetrazol-5-yl)propanoic acid, 2-amino-4- (5- 
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tetrazolyDbutanoic acid, 2 -amino- 3- (6 -methyl- 3- 
indolyl) propanoic acid, 2-amino-3- (4-f luoro-3- 
i^dolyl)propanoic acid, 2-amino.3-(5-£luoro.3- 
indolyl) propanoic acid, 2-amino.3. (S-f luoro-3. 
5 indolyDpropanoic acid, 2-amino-3- (*,5,S.7-tetrafluoro 
B-indolyDpropanoic. acid, 2-amino-3- (5-chloro-3- 
indolyl) propanoic acid, 2-amino-3- (6-chloro-3- 
indolyl) propanoic acid, 2-amino-3- (7-chloro-3- 
indolyl)propanoic acid, 2-amino-3-(5-bromo-3- 
10 indolyDpropanoic acid, 2-amino-3- (7.bromo-3- 
indolyl) propanoic acid, 2-amino-3- (2.bydroxy-3- 
indolyl) propanoic acid, 2-amino-3- (B-hydroxy-S- 
indolyl) propanoic acid, 2-amino-3-(7-hydroxy-3- 
indolyDpropanoic acid, 2-amino-3- (2-alkylmercapto-3- 
15 indolyDpropanoic acid. 2-amino-3- (7 -amino-3- 
indolyl) propanoic acid, 2-amino-3- (4-nitro-3- 
indolyDpropanoic acid. 2-amino-3-(7-nitro-3- 
indolyl) propanoic acid. 2-amino-3- (4-carboxy-3- 
xnaoiy /v 2-amino-3- (3-indolyDbutanoic 

indolyDpropanoic acid. 2 amino 3 
•20 acid. 2-amino-3-(2,3-dibydro-3-indolyl)propanoic acid, 
2-amino-3- (2. 3 -dibydro- 2 -oxo- 3 -indolyDpropanoic acid 
2-amino-3.allcylmercapto-3- (3 -indolyDpropanoic acxd. 2- 
amino-3-(4-aza-3-indolyDpropanoic acid, ^-andnoO- 7- 
aza-3-indolyl)propanoic acid, 2-amino-3-(7-aza-6-cbloro- 
25 4.metbyl-3-indolyl)propanoic acid, 2-amino-3- (2,3- 
dibydrobenzofuran-3-yl)propanoic acid, 2-amxno-3-(3- 
methyl-5-7-dialkylbenzofuran-2-yDpropanoic acid. 2- 
amino-3-(benzothiopben-3-yl)propanoic acid ^"--^ ; 
(5-hydroxybenzotbiopben-3-yl)propanoic acid, 2-amxno 3 
30 (benzo9elenol-3yl)propanoic acid, 2-amino-3- 

<Iuinolylpropanoic acid. 2-amino-3- (S-bydroxy-s- 
ciuinolyDpropanoic acid. 2.amino-2- (5.6.7 . 8- , 
tetrabydro<iuinol-5'-yDacetic acid. 2 -amino- 3 -(3- 
coumarinyDpropanoic acid. 2-amino-2- (benzisoxazol-3- 
35 yDacetic acid. 2-amino-2- (S-metbylbenzisoxazol-S- 
yDacetic acid. 2-amino.2-(6.«ethylbenzisoxazol-3- 
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yl)acetlc acid, 2-a«lno-2. (7.»ethylbenzi8oxazol . 
YDacetic acid, 2-a«iao-2-(s.bro™l. ! 

acid, 2.a:nlno-3- (5,.-dlchlorobenzi:.iIlL:2 
5 acid, 2-amino-3-f5 c-h^™ ,^ 2 -yl) propanoic 

"° J ^^'^ *^^*''!Sthylbenziinlda2ol- 5-^,11^ 
acid, 2-axnino-3-(4 s ^ n \^ ^ ™^aazol 2 -yi) propanoic 
«H«.no J 5*6/7 -hydroben2imldazol-2 - 

yDpropanolcacld, 2-amino^2.(benzimidazol.5.vl>» 

"^^'^'ProPanoic add. 2.a,.i„o., a 

ctd, 2 aBino-3-(i-ur.oUyi,propaaoic acid, 2-a«lno , 
(l-cytosinyl,prop,z,oic acid. 2-«.ino-4-,l 
Pyri^ainyDbutanclc acid. j-aolBoM-u-a^.,. 
Pyrl„ldl„yl,^^„i, acid. 2.a..l„o-«. U-^l , 

Pyri»ldlnyl,but««,lc acid. 2-a^.5.a-^^"'" . 

PyruUdlnyDpeatanolc acid. 2-«iano-s- (4-.™,7 
Pyrli^dinyDpentanolc add. 2-aalno.3. s- 
pyrlddlnyDpropanplc acid. 2-a«ino-3.(s. 
"racllyDpropaaoic acid. 2.ai,ai,o-3-(2- 
0 Wl»i«nirl)Prop«»lc .eld. 2-anlno-3-(6 ™- 

.-pyrlddlnyDpropanolc add. 2^0-3 H^*''*'""- 

M^»i«nyl)prop.aolc add. 2-ad«>.3-(4 s- 
ailiydroxypyriBldln-2-yi)propanolc acid ■> , . 
thlouracU.,.w,p„p^,, ,acid. 2 1:^.2:^^; 
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diliydro-2-furyl)acetic acid. 2-amino-2- (5-alkyl-2- 
furyDacetic acid, 2-amino-2- (2-£uryl) acetic acid, 2- 
amino-2-{3-bydroxy-5-niethyl-4-i80xazolyl)acetic acid, 2- 
ajnino-3- (4-broino-3.hydroxy-5-isoxazolyl) propanoic acid, 
5 2-aiaino-3-(4-methyl-3-hydroxy-5-isoxazolyl)propanoio 
acid. 2-amino-3-,(3.hydroxy-5-isoxa2olyl)propanoic acid, 

2- amino-2-(3-chloro-D2.iaoxazolin-5-yl)acetic acid. 2- 
aniino-2-(3-oxo-5-isoxazolidinyl) acetic acid, 2-amino-3- 
(3 5-dioxo-i.2,4-oxadiazolin-2-yl)propanoic acid, 2- 

10 ainino-3-(3-pbenyl-5-i6oxazolyl)propanoic acid, 2-ainino- 

3- [3- (4-hydroxyphenyl) -i,2,4-oxadiazol-5-yl3propanoic 
acid, 2-amino-3-(2-thienyl)propanoic acid, 2-amino-2- (2- 
furyi) acetic acid, 2-amino- 2- (2-thienyl) acetic acid. 2- 
aiaino-2-(2-thiazolyl)acetic acid. 2 -amino- 3- (2- 

15 thiazolyl) propanoic acid, 2-amino.4- (4-carboxy-2- 
tllia2olyl)butanpic acid. 2-aiBino-3- (4- 
thiazolyl) propanoic acid, 2-andno-3- (2- 
selenolyl) propanoic acid, 2-ainino-3- (2-aiiiino-4- 
selenolyl) propanoic acid, 2-amino-3- (P- 
20 ribofuranosyDprppianoic acid, 

-Amino acids, residues- also refers to various amino 
acids where sidechain functional groups are coupled with 
appropriate protecting groups known to those skilled in 
the art. -The Peptides-, Vol 3, 3-88 (1981) discloses 
numerous suitable protecting groups and is incorporated 
herein by reference for that purpose. 

AS used herein, -alkyl- is intended to include both 
branched and straight -chain saturated aliphatic 
hydrocarbon groups having the specified nuntoer of carbon 
atoms; -haloalkyl- is intended to include both branched 
and straight-chain saturated aliphatic hydrocarbon 
groups having the specif ied number of carbon atoms, 
substituted with 1 or more halogen (for example -C^Fw 
where v = l to 3 and w - 1 to (2v+l)) ; -alkoxy- 
represents an aikyl group of indicated number of carbon 
atoms attached through an oxygen bridge; -cycloalkyl- xs 
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i««nd^ to include saturated ring ,roup,. includin, 
-ono-.bi- or poly-cyclie ring syetems, such as 
cyclopropyl, cvcl*utyl, cyclopentyl. cyclohexyl 
cycloheptyl. ada^ntyl and cyclooctyl; and Ccloaiwi- 
S i. „tend.d to include saturated bicyclic rin/g^ 

<^ s^ 'o^ ^^:.T "--^'^^^vclooctane. 
forth. -AUcmvl- is intend«l to include 

10 confxguration and one or ^r, unsaturated carbon^^hon 
bonds Which «ay occur in any stahl. point alo^ t^ 

al^yl- is intended to include hydrocarbon chains of 

15 1 : ' "'""'^ =°»".uration and ^ Tr 

IS more triple carbon-carbon bonds which .nay occu^ T° 
.table point along the chain, such as ZIZT^ ^ 
•nd the like. ■ ucn as ethynyl, propynyl 

Ihe terns .-(al.^1).., 
"-(phenyl)-., and the like, refer i-r, , ' 
'0 Phenyl g„^.. respectively iL Ire , 

bartAa wnicn are connected by two 

^ to the rest of the structure of Ponnula 
such groups alternatively and eguivalently be 

^ ed^as .alkylenev ..Ikenylene., -phenyllr ^ 
tne xike, respectively, 

' fluoro"""."," " to . 

fluoro, chloro, bro«. .nd iodo, and -counterion- is 
used to represent a small neoafr<«-i w 

' in^ r."*^ " ""o-tic residue- is 

-.tended to .«an phenyl or naphthyl; the ten. 

.^s^i^:;— f-e^-heT^^^^ - 
^ seated Zir^. :i 
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intended to refer to a C1-C3 alkyl group which is 
attached through an aryi ring to the residue of the 
indicated compound; the term -aryl(Ci-C3 alkyl)- is 
intended to refer to an aryl group attached through a 
C1-C3 alkyl group to, the residue of the indicated 
compoiand. 

AS used herein, -carbocycle- or -carbocyclic 
residue- is intended to mean any stable 3- to 7- 
membered monocyclic or bicyclic or 7- to 14-meinbered 
bicyclic or tricyclic or an up to 26-meinbered polycyclic 
carbon ring, any of, which may be saturated, partially 
unsaturated, or aromatic. Examples of such carbocyles 
include, but are not limited to, cyclopropyl, 
cyclopentyl. cyclohexyl. phenyl, biphenyl, naphthyl, 
15 indanyl, adamantyl, or tetrahydronaphthyl (tetralin) . 

AS used herein, the term -heterocycle- is intended 
to mean a stable 5- to 7- membered monocyclic or 
bicyclic or 7- to 10 -membered bicyclic heterocyclic ring 
which is either saturated or unsatxirated, and which 
consists of carbon, atoms and from 1 to 4 heteroatoms 
independently selected from the group consisting of N, O 
and S and wherein the nitrogen and sulfur heteroatoms 
may optionally be oxidized, and the nitrogen may 
optionally be quatemized, and including any bicyclic 
25 group in which any of the above-defined heterocyclic 

rings is fused to a benzene ring. The heterocyclic ring 
may be attached to its pendant group at any heteroatom 
or carbon atom which results in a stable structxire. The 
heterocyclic rings described herein may be substituted 
30 on carbon or on a nitrogen atom if the resulting 
compound is stable. Examples of such heterocycles 
include, but are not limited to. iH-indazole, 2- 
pyrrolidonyl, 2H, 6H- 1,5,2 -dithiazinyl, 2H-pyrrolyl, 3H- 
indolyl, 4-piperidonyl, 4aH-carbazole, 4H-quinolizinyl, 
35 6H-l,2,5-thiadiazinyl» acridinyl, azocinyl, 

benzofuranyl, benzothiophenyl, carbazole, chromanyl. 



20 
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chrcnenyl, cfmclinyl, decahydroQutaoUnyl, fur««,l 
fura.«yl. i„i4..olldinyl. i„adazolinyl . i.Uda«lyl' 
inaoltayl. indolizinyl. indolya. iBobeaxofur^^l ' 
i«octe<»myl, isoindolinyl, isclndolyl. isogulnoilnyl 

».P..thyridl„yl. octahydrciso^i^oZinyl. o».oU^l ' 
<«««lyl, Pl»nanthrldinyl. phenanthroUnyl 
Phenaraatinyl, phenaxlnyl. phenothiazlnyl ' 
Pheoowitliliiiyl, phenoxaxinyl, phthalaxinyl Dln..» ■ , 
.0 Pip.ridinyl, p«..^,. py^any^'p^H^r ' 

^.xoUdlnyl P^axolinya. py^axolyx. ,yr,Z,.yZ 
,. Pyrldloyl, pyrldyl, pyrimldtayl, pyrroliainyi 

Pyrrollnyl. pyrrolyl. ,„>lnaxolinyl, ,p,inoli„yi * 
quinoxalinyl, gnlnuclldlnyl, carboltayi 
tetrahyarofur«,yl, t.trahydroiaoquinoli^l 
tetrahydrooulnolinyl, tetraxolyl, thl«,thr«yl 
thiaxolyl. thlenyl. ttiophenyl. tri.xi„yi. xanihenyl 
Mso included are f„.ed .in. and spire cc^"''' 
containing, for example, the al«ve heterocycle. . 
Preferred heterocycles indole, b„ „^ . 
»^idinya, furanyl. thienyl. pyrro.yi. pyraxoi^ ' 
l-idaxolyz, indolyl, benxix^daxolyl, l«-i„aaxolyi 
"caxolidinyl. benxotriaxolyl. benxisoxaxoXyl, o^iyi 
benxoMxolinyl, or isatinoyl. o«naolyi, 

«^ oT " -ed herein, ^eans that 

any on. or «,re hydrogens on the designated .to. i. 
rePlac*. with a .election fro„ the indicated g^up 
provided that the d..ignat.d ato^-s non.al vaTen^'is 
not«ce«..d. ^ that the auhstitution resuits Z a 
stable compound. ««> a aubstitant i. fceto (i e -o) 
a»n 2 hydrog«u, on the ato. are replaced. "°' ' 

that c'liT 'T^'"' "^'^ « 

that consrats of two or .or. «.i„o acids (a. defined 
^ein, that are lin^ ^ ^ . ^ 

ter- .pept.de. .1„ includes compound, containing botT 
Peptid. and non-peptid. components, .uch a. 
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pseudopeptide or peptide mimetic residues or other 
non-amino acid components. Such a compound containing 
both peptide and non-peptide components may also be 
referred to as a -peptide analog-. 
5 The term -peptide bond- means a covalent amide 

linJcage formed by loss of a molecule of water between 
the carboxyl group of one amino acid and the amino group 

of a second amino acid. 

AS used herein, "pharmaceutically acceptable salts- 

10 refer to derivatives of the disclosed compounds wherein 
the parent compound is modified by making acid or base 
salts thereof. Examples of pharmaceutically acceptable 
salts include, but are not limited to, mineral or 
organic acid salts of basic residues such as amines; 

15 alkali or organic salts of acidic residues such as 

carboxylic acids; and the like. The pharmaceutically 
acceptable salts include the conventional non- toxic 
salts or the quaternary ammonium salts of the parent 
consjound formed, for example, from non-toxic inorganic 

20 or organic acids. For example, such conventional non- 
toxic salts include those derived from inorgaxiic acids 
such as hydrochloric, hydrobromic, sulfuric, sulfamic, 
phosphoric, nitric and the like; and the salts prepared 
from organic acids such as acetic, propionic, succijaic, 

25 glycolic, stearic, lactic, malic, tartaric, citric, 

ascorbic, pamoic, maleic, hydroxymaleic, phenylacetic, 
glutamic, benzoic, salicylic, sulfanilic, 2- 
acetoxybenzoic, funSaric, toluenesulfonic, 
methanesulfonic, ethane disulfonic, oxalic, isethionic, 

30 and the like. 

The pharmaceutically acceptable salts of the 
present invention' can be synthesized from the parent 
compound which contains a basic or acidic moiety by 
conventional chemical methods. Generally, such salts 

35 can be prepared by reacting the free acid or base forms 
of these confounds with a stoichiometric amount of the 
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appropriate b.«. „r acid in water or in «„ organic 
solvent, or in a M«„re of the t«; general^ 

r^jra^etnit- :Z:^ ^t^^- 

1>.S T'l.irr!"' '^'"^^'^^ Con^y. Eaaton, pa 
»M, P. 1418. the atsclosure of which is hereby 
incorporated by reference. 

B» Phrase -Phat^aceuticauy acceptable" is 
10 employed herein to refer to m,™.. 

o™^.-,.^ compounds, material, 

compositions, and/or dosage forms which are, Jt^^l 
, .OOP. Of sound medical jfidgment. suitable f r use^ ' - 
contact with the tissues of human beings and aTll, « 
Without excessive toxicity, irritation aU^rgl " 

:iT""- " """^ '^'^ « --PUcation. ctlensurate 
with a r«„onable benefit/risk ratio. — e-«^ate 

Svnthey l (i 

CHr(CH„,BrjBO.-c.oH,„ n , 3 or 4, was prlpIreTand 
coupled With an 1,-ter.inal protecting group oTwi.T 
N-tenninai and sidechain protected .1117 Z Z " 
25 procedure we have descrivv.^ « . ^ ^ 

J- Bv«7 ^ PWiously tKettner et al 

J-. Wol. Chem. 265 18289-18297 (iggon . • 

this product is 1 Where th. iL ' ^ 

i wnere tlie above intermediate 

coupled to Ac- (D)Phe-Pro-OH i ™aiate xs 

tfos *TO OH. ^ was converted «-r> 

corresponding alkyl cvanld* r> Z ^ averted to the ^. 

^ ^ ^ cyanide 2 by treatment with 

30 tetrabutyl ammonium cyanide in THF at 55 r 
T^s appears to b. a general .e^ L int. 
cyano group. Xn contrast, other conlln ^^lt ,7 

sttr^or"::a:rrtT"^"--^^^ 

3S -.CH.,.-BrTBO:^:^:;:rth^-^^ - -■<0>..e-.ro-.- 
dixnethylformamide failed to yield a d;tectable product. 
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our data are consistent with the formation of a cyclic 
product arising from the nucleophilic displacement of 
the sidechain bromide by the adjacent amide HH. 
Treatment of z-NH-CH[(CH2)4-Br]B02-CioHi6 with HaCM in 
5 N.N-dimethylformamide gave the cyano compound, but only 
in low yield, indicating that cyclization does not occur 
quite so readily when the urethane protecting group (Z) 
is present. Typically, 2 was purified by standard 
techniques such as silica gel chromatography. The 

10 corresponding amidine, 3, was prepared by treating the 
nitrile with a saturated solution of a mineral acid such 
as HCl in methanol. Excess solvent and acid were 
removed by evaporation and the residue was allowed to 
react with anhydrous ammonia to yield the desired 

15 product. 

Scheme 1 

P 

Ac-(D)Phe-Pn>OH ♦ H/I-CH — B. 
orN-TerminalProleclIno I o 

Qroup . (CHa^3 , 

^ Br 




-CioHm 



R.^«,-NH-CH_BO^,.H. .^'HAJ.-NH-CH-BO^.H,. 



20 



1. M80H,HCI R*-fAl„-NH-CH— BOzOioHie 

2. NHa .1 
^ (CH2)3p(NH)NH2 

3 

The f ormamidino substituted boronic acid, 5, was 
prepared by the synthesis of the corresponding alkyl 
amine such as Ac- (D) Phe-Pro-boroOm-CioHi6 ±, Scheme 2 
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This in turn was prepared by treating i with sodium 
azide followed by hydrogenation (Kettaer et al., 1990) 
The a^e, was treated with ethyl for»i^^;; ,T 
yield the formamidino compound, 5. 

5 

Scheme 2 
I.NaNa 

1 - — • I * ^ 

(CHalaNHa 



R'-IAl„~NH-CH-B02.C,oH,6 
(CH2)3NHC(NH)H 

■■■■'.■6 

N- substituted isothiouronium derivatives and N- 

scheme 2a. Treatment of brondde 1 with a thiourea 
produces directly the isothiouroniu. 21. Alternatively 1 
can be converted to the aMne 4 as shown in Schen. 2 " 
ploying a method originally described by Kim et al 
Tetr^e^ ^ett. 2B. 3183 (1988,, the amine 4 tL^iL 

TTLl^"" * formamidinesoifonic acid in the^presence 
Of 4-DMAP to afford the guanidine 22. The rejred 
formamidinesulfonic acids can be prepared by oxidation 
Of the corresponding thioureas, see: Walter and Randau 
Lxeb^gs Ana. Cbem, 722, 98- (1969) . «™au. 
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8cheme2a 



Pi»iAl,-NH-CH-BCVCioHi» 



1 



H/I-C-NHR" 



n'HAln-NH-CH-BQrCioHie 
(CH2y,SC(NH)NHR« 



21 



10 



F?HAL-NH-CH-BQrCioHie 
4 



SOsH 
HNsC-NHR* 



R'HAln-NH-CH- BQrCioHie 

(CH2),NHCCNH)NHR» 



22 



The substituted boronic acid, 7. is prepared by 
treating 4 with dimethyl cyanodithioiminocarbonate or 
diphenyl ^anodicarbouimiate to yield the S-methyl 
isourea (6) or 0-phenyl isourea, respectively, usxng a 
procedure similar to that reported by Barpill et al. J. 
Hereocyclic Chem. 25. 1698 (1988). Scheme 3. This 
intermediate is treated with ammonia in either THP or 
alcohol to yield the desired product. 



Schemes 



MoSC(NCN)SMe R3^Aln— NH-CH— BOg-C^oHie 



(CH2)3NHC(NCN)SMe 
6 



RMaId— NH-CH— B02-C,oHie 

(CH2)3NHC(NCN)NH2 
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Hydroxyguanidino inhibitors are prepared by 
treating 4 with cyanogen bromide or cyanogen chloride 
followed by hydroxylamine to yield 8. scheme 4. These 
are known chemical transformations. Nakahara et al 
5 Tetrahedron, 33, 1591 (1977) and Belzecki et al* j,' . 
Oiem. Soc. Oiem. Commun., 806 (1970) . 



Scheme 4. 



1. BrCN 

2. NH20H 



10 



R'-rAl„-NH-CH-B02.C,oH,e 

(CH2)3NHC(NOH)NHj 
8 



The preparation of new aromatic boronic acids are 
Shown in scheme 5. Functional i zed benzylic anions 
containing either a halogen or cyano substituent (the 
cyano group is shown for illustration) are obtained by 
15 treatment with activated Zn metal in or other ine^ 
solvent and then with CuCN.2l.ici [Berk et al 
Oxx^anometaliics 9, 3053-3064 (1990),. Dichl^romethyl 
boronic acid pinanediol was prepared by the method 

20 (1983) . It was allowed to react with the transmetalated 
-on to yield 9. was the only acceptable 

of preparing these functionalized benzylic anions. For 
-a^le treatment of p-nitobenzyl chloride with lithium 
metal using the method of Michel et al j- 

riLTTl^"'' '''''' '^'^^^ -ield an 

identifiable product. Similarly, treatment of p- 

cyanobenzyl chloride with lithium naphthalenide in the 
presence of ZnCl2 using the conditions of zhu et al j 

30 ;::ducr' ^^^^ ed 
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10 



The o-aminoboronic acid, 10. was obtained by 
treating 9 with the lithium salt of hexamethyldisilazane 
and removing the trimethylsilanyl groups by treatment 
with anhydrous HCl. 10 was coupled to either an N- 
terminal protecting' group or to a peptide using known 
techniques. 

The aromatic substituted cyanides, 11, were 
converted to the corresponding amidino compound, 12. 
using the same sequence of reactions described for 
preparation of the aliphatic amidino compound, 3. 



Schemes 



CHaBr 




1. Zn 

2. CuCN*2LiCi 



CN CI2CH-B 



H2NCH— Bpz-C,oHi6 
CHz 




CHCH— BOg-CioHie 
CH, l.{Me,sijaN-ir 
■ ^ 2.HCI 



r3.[A1,.NHCH— BOg-CioHie 




Ao(D)Phe-Pr»OH 
or N-Temiinal Protsding 
.CJioup J 



PPHAI.-OH 



R^^A^NHCH— B<VCioHi6 




1. MeOH. HCl 

2. NHs 




C(NH)NH2 

11 can be hydrogenated to yield the corresponding 
aminoii^thyl group as an aromatic substituent 13, Scheme 
15 6. The corresponding formamidino, cyanoguanidino, 

hydroxyguanidino and guanidino compounds, 14' il' Ai' 
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and 17. respectively, are prepared by the procedures 
described for the aliphatic series. Scheme 1. 

8ohenw6 
— ^ CHz 




CHt 



BOCl(NH)H 




1- Ma6C(NCN)SM* 
2.NHa 



18 



17 



CHaNHC(NH)NH8 



l.arCN 




R'-IAl,^SIH.CHBO,<;„H,, 
R«-|AJ,-NH.CHBO.^,^, 

9^ 





CH|NHC(MH)H \ 

sj^ 16 CH/IHC(NOH)NH, 

^ CH/IHC(NCN)NH. 
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Aromatic guanidino inhibitors, 20, were prepared 
from precursor R-boroPhe-CioHi6, Scheme 7* The aromatic 
ring was nitrated by reaction with N0*BF4* to yield 18 
which was reduced to the corresponding amine, 1±. The 
5 amine is converted to the gxianidine by reaction with 
aminoiminomethane sulfonic acid [Mosher et al. 
Tetrabedral Lett. 29 3183 (1988)] or cyanamide (Kettner 
et al. 1990) . 
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Scheme? 



R^-tAln-NH-CH-BOrC,oH,6 - R^-IAl„^^H-CH-BOrC,oH„ 





R^-IA]„-NH -CH-B02-C,oH„ 
CH2 




NH2C(NH)S0aH 



DMAP 




20 



NHC(NH)NH2 



Scheme 8 illustrates the preparation of thrombin 
inhibitors where the Pi side chain is substituted with 
an alkoxy group, and where the H-terminus is derivatized 
with novel N-blocking groups. Treatment of R3-[A3n-NH- 
CHt(CH2)3-Br)B02-CioHi6 with an alkoxide yielded the 
ether 20 in the Pi site, as shown for Boc- {D)Phe-Pro-MH. 
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CHt(CH2)3-Br1B02-CxoHiS L removal of t^e Hoc 
protecting group yielded the free amine 23 which was 
further nidified to give inhibitors with unique 
p::^perties. The inhibitor 23 was obtained by reductive 
agination with glyoxylic acid and sodium 
cyanoborohydride using a procedure similar to^the 
g^ral described by Rosowsky J. Med. Chem. 34, 1447^ 
Iss,. Similarly, reductive amination with formaldehyde 
yielded the H,N-dimetbyl analog 24. 

Scheme 8. 

R»[A|„-NH-CHI(CHa),-Bil-BOi-C,oH„ 

1 




4 



HCOCOOH 



O NaBHaCN 




HCHO 
NaCNBHs 




H^C CH, 



24 



15 



The boroom ester « was the starting »ateri^ 
• «>,^rr«lth side Chain amines (2£) . sulfonamides 
^T^^aes .H. and ureas <2,, at the P. s.de 
^ ,Sche« ,). l»«er compounds were obtained hy 
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treatment of 4 with potassium cyanate •, ^ 

conditions similar to t:hoo . 

Bxmiiar to those described bv Pr4m«««- « 

« al. J. Heterocycue Che,, as. 22X 
Scheme 9. 



R3^AH.U-CH-BO^CoH„ 



o 



potasskm 



aOBK 

anhydfide "^^^I^-N— CH-BO^C,oH,e 



NH cyanaiB H,C-§-ci I « 

HaN-C 4 . O NH ' 



O O 
29 HO-g-C-OH 



tficyctohaxyj- ®H» 
CBrtxxfimide 



28 J" 

C~C— OH 

^ Inhibitors Of this invention with modified 
^dino .roups « .ere prepared usin.p^'^ednres 

a».^r,^ 31 wxth either ammonia, an alkyl 

cvanoi;»;.di:e"Ti^r:e~\;^;;,- 

y Of inhibitor.. For e«i.pie, when r3 of 12 was 
Boc, treat«nt with anhydrous HCl ,ave a free ^ 
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group which was carboxymethylated with HCX>COOH and 
lIaC3IBH3 . 

Scheme 10. 

4 S-CH. 3, 

^ NH 

N=C--N=^ 

S-CH3 



10 



15 



31 



(CH2)3 

NH 

N=C-N=C 



32a: Y = -NH2 
32b: Y = -NHR® 
32c:Y = -NRW 



SchCTie 11 shows the preparation of inhibitors 
wherein X is an axninooxy or guanidinooxy group. These 
were prepared according to the general procedure 
described by Martin et al J. Med. Chem. 8, 456, 1965. 
The alkyl halide 1 was allowed to react with N- 
hydroxyphthalimide in DMF in the presence of 
triethylamine at lOO-C to yield 34. The phthalamido 
group was removed by treatment with hydrazine in 
methylene chloride and methanol to give the aainooxy 
compound 35. The aminooxy group of 35 was converted to 
the guanidinooxy group of 36 by heating with cyanamide 
in toluene. Other methods of guanidation described in 
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the present case can also applied here to form the 
desired compound 36. 




R'-IAJn-Kj-CH-BOa-CoHte 
(CH2)3 
O 



EtgN 




34 



1. H2NNH2.H2O H I 2 ^io"i6 

2. HCI O 'HCI 

NH- 

35 



tohjane, 
90-95^0 



tobene, (^^2)3 

9 -HCI 
NH 

C=NH 



NH2 36 



Scheme 12 illustrates the preparation of boronic 
acid^anaiogs containing a substituted cyclohexyl ring in 
the Pi site. Cyclohexadione monoethylene ketone 38 was 
converted to the alkene 39 using a Wittig reactio^ 39 
was hydroboronated using diiisopinocaH5,hyl borane and"" 
converted to the boronic acid ethyl ester using the 
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general procedure described by Brown et al* J. Org. 
Chem. 47, 5065, 1982. Transesterif ication with 
pinanediol gave 40. The a-chloro compound 41, was 
prepared by the homologation reaction of 40 with the 
5 anion of methylene chloride using the procedure of • 
Matteson et al. J. Am. Chem. Soc. 105 . 2077, 1983. 
Nucleophillic displacement of the a- chloride with the 
lithium salt of hexamethyldisilazane gave the bis-silyl 
protected amine 42. The trimethylsilyl protecting 
10 groups were removed by treatment with anhydrous HCl. 

The a- amino group was coupled to either an acyl group or 

N-protected peptide or amino acid using the mixed 
anhydride or other standard peptide coupling reaction 
conditions. The peptide 43 was treated with an aqueous 
15 suspension of a sulfonic acid substituted ion exchange 
resin to yield the side chain ketone which was converted 
to the amino cyclohexylpeptide 44 by reductive amination 
using ammonium acetate and sodium cyanoborohydride . 
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Scheme 12, 




CHjP^PhjF 
K-OrBu 



38 





BH 



a 



39 



ZCHaCHO 



Z0 



cX>._ 



B-O 
Q 




CH2Ca2,LDA,-78*C 
ZnQs 
40 

;j(TMS)2 
IiHMDA.-7yc y ( B-0 




I. HO. ether 



O 



R-CAL-OH 



42 




43 



LAGSOW-XS^HjO 
2. NH40CP|C:H3, NaCNBH, 




5 Scheme 13 shows the preparation of boronic acid 

peptides containing a cyclohexyl residue in the Pi site 
by a modified procedure for the preparation of 44. The 
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ketal, 47 r was prepared by the procedure of Laronze 
synthetic communications 21 881. 1991. Hydroboration and 
transesteri feat ion with R-pinanediol yielded both the 
1,4- (48) and 1,3-disubstituted (49) boronic acid 
esters. 48 was converted to the corresponding amine 50 
using the reaction pathway described for 44. 



Scheme 13. 



10 



15 



o 

6 



HO OH 



p-TSAftduene 
46 47 




2. CH3CHO 

'ho. 



.0^ 



c 



-0 0^0 



49 



48 



50 



compounds of the invention where Rl is an 
alkylcyclohexyl group and X is a hydroxide, fonnamidine, 
or guanidine were prepared according to Scheme 14. 
compound 52 was prepared from 43 by treatment of 43 with 
a sulfonic acid substituted ion exchange resin. 52 was 
converted to 53 by reduction with NaBH* . To fo?na the 
guanidino substituted compound 55, 50 was treated with 
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amiaoimiaomethane sulfonic acid according to Scheme 7 
The formamidino analog 56 was prepared by treatment of 
50 with ethyl f ormiinidate according to Scheme 6. 




4 



wo 96/12499 



PCTAJS95/1J702 



Scheme 14, 

43 ^ 



r 





n^Oorl 
53 



r3-[A]„-HN. 

-B 



so 



Z-N=C-N-2 (C^a). 
H 



DMAP 




NH 



n»Oar 1 
54 



H2,Pd/C (CHa); 
Fh-SOaH 




n^Oorl 



Ph-SOaH HaN^NH 55 



NH 
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20 



25 



Schaae 14 (cont'd) 



50 



NH 
EtO-^H 




-CHO, 



Compounds of the present invention where Rl is a 
substituted benzyl group and E is a nonboronic 
acid/ester electrophilic group, such as -C02C3J3 -^v 
-002H. and -00N(CH3) OCH3 , were prepared according to 
Scheme 15 from the corresponding substituted 
Phenylalanine ester 51 by following the procedure 
described by Schmidt et ^al Synthesis 53, 1984 
Accordingly, 57 was catallytically hydrogenated with Pd/C 
to 5fi Which was coupled to r3. [AJn-OH, under standard 
peptide forming conditions, to form 59. Treatment of 59 
with the substituted aldehyde 65 in the presence of 
lithium diisopropylamine yielded 60. Hydrogenatlon of i 
60 in the presence of a chlral catalyst, such as ^ 
DuPhos~, gave 61. Either the R or s isomer could be 
obtained by the stereo specific hydrogenatlon of 60 
according to the procedure of Burk et al j. Am. chem 
Soc. 115, 10125, 1993. 61 was then converted to the* 
aldehyde 62 by treatment with diisobutyl aluminum 
hydride. The acid 63 was made from 61 by treatment with 
aqueous base. 63 was th^ converted to 64 by treatment 
of the mixed anhydride of 63 with N-methoxy-N- 
methylamine. 63 can also be readily reduced with LiAlH4 
to give the corresponding peptide aldehyde 62 according 
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to the procedure of Nahm and weinreb Tetrahedron Lett 
22, 3815, 1981. 



Scheme 15. 

Z— N— C H P(0)(OMe)2 

H I 

COOMe Pd/C 



H2N— CH P(0)(0Me)2 



COOMe 
58 



57 H2 

CjpCHO 



I 

COOMe 



CN 



DCC Ik HOBt 



59 



lithium diisopropyl 



R'-IAln-fj-Cl 



— CH — COOMe 
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Inhibitors of the invention wherein e is 
-C0C(=CH2)0Et, -COCOOEt. -COCOOH, -COCOCH3, OR 
-COCOMR15R16 are prepared according to Scheme 16 by 
following the procedure of tagelastro et al. j org 
Chem. 54. 3913. 1989. Thus 64 was converted to the* 
corresponding vinyl ketone 67 by treatment with the 
lithium salt Of ethyl vinyl ether. The ketone ethyl 
ester 68 is obtained by ozonolysis of the double bond 
The corresponding carboxylic acid 69 is obtained by base 
hydrolysis of 68. Acid hydrolysis of 70 gives the 
dxketone 70. The corresponding amides are prepared 
using the procedure described by Li et al. j. Med. Chem 1 
36 3472, 1993. The keto function of the keto ethyl 
ester 71 is protected as the 1, 3-dithiolane 72 and 
treated with either ammonia, a primary, or secondary 
amine to give corresponding keto amides 73. The 
bisketo-carboxylic acid esters of this invention are 
prepared by the procedure of Wasserman and Vu 
Tetrahedron Lett. 31, 5205, 1990. 
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Scheme 16. 

O 

R*HA1„— [J— C C-9=CH2 

^ t*uU,ethyJvlnyl ^^J ^ 

®* ether. MgBTs oz onolysis 

O O o 
r3.IA1_nH-C— C— C—OEl RMA)„— {j-p— C— C-OH 
CH2 NaOH H2C 

^ _ 69 

^> , ?l ?l 

R*-IA1„— N— C — C—C-CHa 

HCI/HP 

70 





68 ^ 



a 72 R and R" or either 



.jjl^ H,an(yl,aryl,oraB(aryl 



R'-IAJn-NH— C C — C— NR-RT 



CH2 

I 

CN 



CH2 

CI 



Scheme 17 shows the preparation of nonboronic acid 
5 inhibitors wherein E is an a-ketobenzoxazoline T5, 



wo 96/12499 



PCiyDS9S/13702 



oxazoline 76, o-diazoketone 77, a-monohaloketone 78, and 
a-trihalomethylketone 79. Thus according to the 
procedure of Edwards et al J. Am. chem. Soc. 114, 185S, 
1992, 75 and 76 are prepared from 62. 77. is prepared hy 
5 treatment of the mixed anhydride of 63 with diazomethane 
using the general procedure of Kettner and Shaw Methods 
Enzymol. 80, 826, 1981. 77 is then converted to 78 by 
reaction with an acid halide using the procedure 
described by Angliker et al. Biochem J. 241, 871, 1987. 
10 79 is prepared from 63 by a modification of the Dakin- 
West reaction (Dakin and West J. Biol. Chem. 78, 9i, 
1928) described by Kolb et al Tetrahedron Lett. 27 1579,/^ 
1986. '<i 
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Scheme 17. 
a) 



6. 



b) 



1. N-iTwthytt rorjpholjne 

2. l-Butyl ctitoroformate 
a cfiBzomelhane 



O 

R*-IA1„- NH— p — C— CHN2 




HX 

)&>CI,Br 



R»-CA1„-NH-C— C-C-X 
CH2 



78 




O 

R*-IA1„-NH— C — C — CFj 
CI 




1. Acp 

2. (CF3-C0)P 

3. ODoBcadd 



in an alteraiite synthesis, the trif luoromethyl 
ketone analog 85 was prepared using a procedure similar 
to that described by Imperial and Abeles Tetrahedron 
Lett. 27, 135, 1986. (Scheme 18) mCyanobenzaldehyde was 
condensed with nitromethane to give the nitrostyrene 81 
which was reduced with NaBH4 using the method 
Bhattachariya et al. Synthesis 886, 1985. The anion of 
the nitroallcane was added to the ethyl hemiacetal of 



-7/- 
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trifluroacetaldehyde to yield 82. The aitro group of 82 
was selectively reduced to give the o-aaiao alcohol 83 
usiag Na2S203. 83 is thea coupled to aa N-protected 
amiao acid or peptide to give 84 which was thea oxidized 
to the trif luorOTiethyl ketoae 85 . 

Scheme 18. 
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»MR, proton nuclear magnetic resonance, chemical 
shifts are reported in B units, parts per million 
downfield from the internal tetramethylsilane standard. 
Elemental analyses were conducted by Galbraith 
5 Laboratories Inc., Knoxville, TN and Microanalysis Inc., 
Wilmington, DE. FAB/MS samples of free boronic acids 
did not give consistent results making it difficult to 
monitor the removal of ester protecting groups by this 
means. However, the presence of the pinanediol and the 

10 pinacol groups are readily observed in NMR spectra. For 
the pinanediol ester, a methyl group is observed at 5 
0;9 and the methyl groups of the pinacol groups are 
observed as singlet at B 1.1. Following the removal of 
pinanediol protecting group, MS were run by treating the 

15 sample with -2 equivalents of pinacol in methanol for S 
minutes and evaporating the solvent. Similarly, MS 
samples of free boronic acid, 6btained by removal of the 
pinacol, were prepared by treating with pinanediol. In 
some cases, ethylene glycol was used as a matrix for 

20 mass spectroscopy to yield the boronic acid- 

ethyleneglycol ester (designated EG ester) . For the 
subsequent Example see Table 1 for analytical data. 

Exaoqple 1 

25 synthesis of Ac- (D) Phe -Pro-NH-CH [ (CHa) 4CN3 BO:;-CioHi6 

The intermediate , Ac- (D) Phe- Pro -NH- CH t (Cai2 ) 4Brl BO2 - 
CiqHis, was prepared using the mixed anhydride 
procedure. Ac- (D)Phe-Pro-OH (3.04 g, 10 mmol) was 
dissolved in 50 mL of THF and H-methylmorpholine (1.1 

30 mL. 10 mmol) was added. The solution was cooled to 
-20»C using a CCI4 dry ice bath and isobutyl 
chloroformate (1.30 mL, 10 mmol) was added. After S min 
at -20'C, the mixture was added to NH2-CHl(CH2)4BrlB02- 
CioHi6»HCl (3.81 g, 10 mmol) which was dissolved in 20 mL 

35 of THF and precooled to -20*C. Triethylamine ( 1.39 mL, 
10 mmol) was added and the mixture was allowed to stir 
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for 1 h at -20-C and 2 h at room teinperature . Insoluble 
material was removed by filtration and the filtrate was 
evaporated under a reduced pressurle. The residue was 
dissolved in 50 mL of ethyl acetate and washed 
5 subsequently with 75 mL of 0.2 N HCl, 5% NaHCOa and • 
saturated agueous sodium chloride. The organic' phase 
was dried over Na2S04 and concentrated in vacuo to give 

Ac-(D)Phe-Pro.MHCHt(CH2)4BrlB02.CioHxs (6.01 g, 95% 
yield). 

The bromide (1.89 g, 3.0 mmol) and tetra-^i- butyl 
aimnonium cyanide (3.2 g, u.e ^nol, 4 eq) were dissolved 
in 50 mL of acetonitrile. This solution was heated at ' ' 
90-C for 3 h and solvent was removed under reduced A 
pressure. The residue was dissolved in 50 mL of ethyl 
acetate and was washed with three 50 mL portions q£ 
saturated aqueous NaCl. The ethyl acetate solution was 
dried over anhydrous NaaSO^ and evaporated to give 2.S g 
of crude product. It was purified by silica gel 
chromatography using 5% MeOH in CHCI3 as an eluent to 
yield the desired product (0.50 g. 29% yield) 
™s (NH3.CI) m/e calcd. for m (C32H45N4O5B) 
594.4. Pound: 594. HRMSdMa-ci) m/e calcd. for M 
(C32H45N4OSB) ♦ H+: 577.3561. Pound: 577.3555. 



15 



25 



30 



Exeuoqple 2 j 
synthesis of Ac- (D)Ph^-p^-m,^f ^^,^ ^c(MH)kh.1 -nn,. # 
CipHifi 'benzene sulfonic aeitf 

The nitrile, (Example l, 0.40 g, o.70 mmol), was 
dissolved in 50 mL of a cold solution of saturated HCl 
xn methanol and the solution was stirred overnight at 



The solution was tUen concentrated under reduced 
pressure. The residue was dissolved in anhydrous 
methanol (50 mL) . gaseous NH3 was bubbled through the 
solution for 1 h, and the solution was heated at 50 -c 
35 for 3 h. Solvent was evaporated, the residue was 

suspended in minimum volume of methanol, and 0.11 g of 
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benzenesulfonic acid (i eq) was added. Methanol was 
evaporated and the residue was triturated with hexane to 
yield the desired product as a pale yellow powder (0.52 

g, 99 % yield) . ^ 
5 PABMS: m/e calculated for M (C32H48N5O5B) + H : 

594.38. Found: 594.14. HRMS(NH3-CI) m/e calcd for M 
(C32H48N5OSB) ♦ H*: 594.3827. Found: 594.3824. 

Exait5)le 3 

10 c y„i->.A«is Of ; >^WT^ ^t>>,^-Pro-imCH[(CH,).NHC(NH)HlB02^ C^oHi6 
nr AC- (D)Phe-Pro-bQroOrn(C H=NH) 'C10H16 

: ■ Ethyl. formimidate.HCl was prepared by the procedure 
of Ohme and Schmitz Angew. Chem. intemat. Edit. 6 566 
(1967) and Ac-(D)Phe-Pro-boroOm-CioHi6 was prepared by 
15 the procedure of Kettner et al. (1990). The formimidate 
(1.29 g, 11.7 mmol) and 4-N.N-diinethylaminopyridine 
(1 44 g) were added to a solution of Ac- (D) Phe-Pro- 
boroOrn-C,oHi6-BSA (2.78 g. 3.92 imtiol) dissolved in 40 mL 
of ethanol. The resulting solution was refluxed for 8 
20 h After removal of solvent, the residue was purified 
by chromatography using a column of Sephedext-LH 20 and 
methanol as a solvent to give pure product (1.28 g. 56 % 

yield). \ 

HRMS(NH3-CI) m/e calcd. f or M (CaiHAfiBNgOg) ♦ H : 

25 580.3670. Found: 580.3679. 

Example 4 

.^..^.v,^.,., . »^ ^^■mVphe -Pro-NHCHl(CH2)3-WHC(NH)HlB<0H)2 

The pinanediol protecting group on the boronic acid 

30 portion of AC-(D)Phe-Pro-NHCHl(CH2)3-NHC(NH)Hl-B02- 
CioHi6»HCl (Example 3) was removed by 
transesterification using the procedure we have 
described previously in U.S. Application 08/010731. The 
pinanediol ester (0.30 9, 0.51 mmol) and phenyl boronxc 

35 acid (0.31 g, 2.6 mmol) were suspended in 10 mL of a l: 
1 mixture of ether and water and was allowed to stir for 
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2.5 h at room temperature. The phases were separated 
and the aqueous phase was extensively washed with ether 
The aqueous phase was evaporated to yield a solid THis 
material was triturated with ether to give the desired 
product as an amorphous white solid, 0.20 g (83 % 
yield). LRMS (KH3-CI) m/e calcd. for the pinacol ester 
M (C27H42N5O5B) ♦ H*: 528.3. Pound: 528. HRMS (NH3- 
CI) m/e calcd. for the pinacol ester M {C27H42N5O5B) * 
H : 528.3357. Foimd: 528.3347. 



Example 5 

synthesis of Roc-Pro-NH CHr fPHr ) 3MHC(NH)Hl nn^ -r, f^^,, 

Boc-Pro-boroOm-CioHie.BSA was also prepared"^y the'^ 
procedure described previously (Kettner et al. 1990) 
15 This peptide (3.0 g. 6.5 mmol) was dissolved in 25 no. of 
absolute ethanol, 4-N,N-dimethylaminopyridine (1.6 g 
12.9 mmol) and ethyl f ormimidate-HCl (I.4 g, 12.9 mnwl) 
were added. The solution was heated on a 85 oil bath 
for 1 h. Solvent was evaporated and the residue was 
dissolved in methanol and was chromatogramed on a 2 5 X 
100 cm column of LH20 in methanol to yield 1.3 g of the 
desired product. 

LRMS (NH3-CI) m/e calcd. for M (C25H43N4O5B) ^ H*: 
491.5. Pound: 491. 



Example 6 

synthesis of Roc- (m Ph.-p....^^ r 
C10H16 

The reaction was run using the procedure described 
for Exan5>le 3. Hoc- (D) Phe^Pro-boroOm-CioHig-BSA (3.7 
g, 4.78 mmol), 4-N,N-dimethylaminopyridine (1.71 g 13 a 
"««ol), and ethyl formimidate-HCl (1.54 g, 13.8 mmol) 
were dissolved in 50 mL of absolute ethanol and was 
heated at 85 -c for 7 h. The desired product was 
obtained by chromatography on a column of LH 20 in a 
yield of 1.56 g. 
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HRMS (NH3-CI) m/e calcd for M (C34H52N5O6B) * H*: 
638.4089. Found: 638.4082. 

Exanqple 7 

0.40 BSA, O.SO HCI (Exa«ple e. 0 e 
g 0.22 nonol) and phenyl boronic acid (0.13g. l-l -sool) 
were placed in mixture of 5 ir^ of ether and 5 mL of 
10 water and was allowed to stir for 4 h at room 
. " TelU^ure. phases were separated and the organic 

phase was yashed with 5 mL Of water. The corr^^ed 
' :<^eous Phases were extensively washed ^t-^^^^^ 

aaueous phase was evaporated and the residue trxt^ated 
*.y. oi-y,*.,- to yield the desired product as a white 

e.«r M (C30H48HS06B) ♦ H*: S»6.4. Found. 5»6. HSHS 
,HH3-CI) n/e calca. for .he Pinacol e=ter M 
(C30H48M506B) • H*: . 586.3776. Found: 586.3772. 

20 

Example 8 

... .■,^,p^e.Pro-m.ait(CH^.l3.MiIHlg2i:^ 

--i^)Phe-Pro-m.CHnCH.)3-l^C(I^)HlBO..C.0HX6-0.40 

25 BSA. 0.60 HCI (Example 6, 0.20 g, 0.25 m«ol) was 
25 BSA. u. - N HCI- dioxane and was allowed to 

dissolved in 2 mL of 4 N HCi. aio«" 

stir for 1 h at room temperature. Solvent was 
evaporated and the residue was triturated with ether to 
yield 0.18 g of the desired product. 
30 HRMS (KH3-CI) m/e calcd for M (C29H44K504B) * H . 

538.3565. Found: 538.3569. 

Example 9 
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to r..ct with Phenyl boronic acid accord, , * 
procedure in , thH I^ 

M (C25H40HSO4B) ♦ H*, «6 3 po,™^ "^""l "'er 

, CI, „/e calcd for plnacol e«er mTc^ 

.0 

first iatenaediate, Cl-csiCH^- («- ^ 
cyanopheayl, ]B02-CaoH,„ was prepared from m 
S .ro^ae an. dic.Xoro.et..X borole pirelr^^^^ 
^-t (1.0 g) in 1 xnL Of ^ was cooledTo o 
solution Of .-cyanobenzyl bro^^e U 3/. V ' ' 

r-^. <aropwise (5 sec/drop) Th« 

reaction xaixture was allowed to stir at 7c t . 
' mixture consisting of LiBr (1 22 a ' ^ ^ h. a 

cooled to -78.C and neat aiailT " " 

' was added to the mixture anrt 
solution was extracted with t^e^ « V'!''"" 
ether. ^ co^ined organic JayL T °" °' 
™ou, „gso. and evairated L ™::o tt o ""^ 

-pound ,1.. g, . _ ^^^^^ 17sZt:j^ 

chro^tography where the colu« was ste^iT , 
he«ne ,100 »L, and then is» eth^ MT "'""^ 
Sive the desired product 0.S3 g^2,%V^" 

3 l^7« yield). LRMS(SH3- 
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CI, „/ecal=a. tor« (C19H23H02BCU*«H.*. 361.2. Found: 

"'"^'■ro a solution of h«a»etliyiai»llaiane (0.21 «L, 
0 96 m 2 »!. of THF at -78«c was added n- 

, LtyimWn- (1.4S.M. 0.67 .nl., 0.96 • The solution 

«s "liowed to sWy war- to roo„ te^rature to ensure 
the anion generation was co«plete. The resulting 

tixts CM** =7 • ^ -TQ^r and Cl-CH [CH2- 

solution was then cooled to -7 8 C and CI CHl 3 
cyanophenyDlBC-CioHie (0.33 9. "«>1> i" 2 »L of 

10 THP was added. The sd^ure was allowed to warm to room 
temperature and to stir overnight. Solvent was 
evaporated «»1 B ml, of hexane was added to gxve a 
suspension. HCl in dioxane U.l H, l-S mL. 6.0 -ol) 
was added at -78-c. The mixture was slowly warmed to 
15 temperature and stirred for 2 h. ^tional h»«ne 

,6 „L) was added and crude product was isolated as a 
precipitate. This product was dissolved in «W««oform 
Ld insoluble material was removed hy ^'^^ 
filtrate was evaporated at a reduced pressure to give an 
20 oil (-0.2 g). Final purification was .chi.v«l by 
20 oiJ. I 3 oeohedeji"' LH 20 column 

chromatography on.a column of Sephed« -,^,,,hc1 

using methanol a. a solvent, "-"f^^ 

was Obtained a. an oil (O.ia 9, 3*% yield) . H^(»H3 

CI) m/e calcd. for H (Ci9H„BM,0,) ♦ H». 325.20»7. 

25 Found: 325.2094. 

Exantple ll 

Ac-{D)Phe-Pro.OH (b.lO g, 0.33 mmol) ana N- 
^t^yl^orpholine (0.037 .L, 0.33 were -J^--^^ 

react with isobutyl chlorofonnate (0.043 xnL, 0 3 ) 
\ ™t. of THF at -20-C. After 5 min, H-boroPheCin-CN) - 
Zolt:lZ:^^^ 0.X2 „ 0.33 -.OX) aissoxved in 
3 L !f cold THF and tri^tbylanine (0.046 ^. 0.33 >n^l) 
were added. The.^mixture was allowed to stir at -20 
for 1 h and to stir at room tenqperature for an 
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additional hour, insoluble material « 
filtration and solvent wa/e"^!:^^^^^^ 
dissolved in eth.1 acetate • ai:^:: :!,^^:^^^"^ 
HCl. s • .aHC03. and saturated ^^T^L^""^^^ 
S organic layer was dried over anhydrous Jso Zl 

evaporated in vacuo to give 0.2 g of ^ " 

purified by chromatography on a 

20 yielding o 13 a nTTl ^ ^ °^ Sephedex~ lh 
xuing 0.13 g of desired product feuft 

HRMSdJHa-ci) m/e calcd m "^^^ yield). 

10 fil, " <C35H43BN40s) ♦ H*: 

10 611.3405. Found: 611.3416. 

Example 12 

^the.l»of >r.,Dip^..^„.. ^ 

«S) wa. aissolvea in 5 ^ Of saTlr^^! 
in -ethanol. The 8olutl„„ solution of HCl 

me solution was ailowed i-n 

at . -C. After removal of solvent the 1 . "^"^^""^ 
resuspended in 5 mL of anhyd^ouHlt^ , 
0-C, and anhydrous .H3 wasCbTed^^:^:'; T^\'' 
^or 0.5 h. xt was heated at 60-c foTHV 
was evaporated and one equivalent ol\ 
acid (13 mg, and 1 mL of^e^i '"""^^^ 
was evaporated under r.l e:i ZVoZl^"^^' 
With ether to give the deslre^ p::^ raH "^T " 
powder (65 mg, 100% yield) . HRKS(N^3 ci, We , 
M (CasH^BMsOs) * H*: 628 3670 I 

628.3670. Pound: 628.3688. 
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gynthesl„ Of Br-(D.ph..^...__r„ 

<°> M»-Pro-boroH»(j».a,)-c,^ Jife2-£iigi£ 

- Of S"::'^^, ' 

were aaaed. ^ the »i«u« «a. .tir XT 't " 
ten^rature for 2.5 h. ^ Solution «. ffLrjr" 
through ceute and washed vtth 20 ^ 
fil^■ra^.« °^ nethanol. The 

fxltrate was concentrated under a reduo*^ "-l- The 

- «s.^ «s triturated ..th rtTrjrr 
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product as white powder (15.6 ing, 59% yield). hrmSCNHj- 
CI) m/e calcd. for M (C35H47N4O5B) + H*: 615.3718. 
Found; 615.3700. 

g Example 14 

s yrtryyt^sLB of AC- f D) Phe- Pr o-boroPhe (m-Bp - C10H16 

Cl-CH [CH2- (jn-bromo- phenyl) ] BOa-CaoHic was prepared 

making the anion of m-bromobenzyl bromide and coupling 

it to dichloromethyl boronic acid pinanediol. This 

10 intermediate and the corresponding amine were prepared 

using the procedure described for Example 10. The amine 

was coupled to Ac- (D) Phe -Pro -OH using the method 

described in Example 11. 

IJaiS<NH3-CI) m/e calcd. for M (C34H43N305BrB) ♦ H*: 

15 666.3. Found: 666.2. 

Example 15 

Synthesis of Ae- (D) Ph e-Pro-boroAro (CN) -Ci oHifi 

AC- (D)Phe-Pro-boroOm-CioHi6»HCl (0.15 g, 0.25 

20 mmol), triethylamine (0.035 mL, 0.25 mmol) , and diphenyl 
cyanocarbonimidate (Aldrich, 0.060 g, 0.25 mmol) were 
heated at a gentle reflux for 5 h in THE and then 
stirred overnight at room teinperature. The sample was 
diluted with chloroform and washed with water and 

25 saturated aqueous NaCl. it was dried over K2CO3 and 
purified by silica gel chromatgraphy using methanols 
chloroform (1:9) M: a solvent to yield 80 mg of Ac- 
(D) Phe-Pro-HH-CH [ (CH2) 3 -MH-C (N- CN) 0-Ph] BO2 -C10H16 . 
LRMS(MH3-CI) m/e calcd. for M (C38H49N6O6B) + H+: 

30 697.7. Fotmd: 697. 

The above product (0.060 g, 0.080 mmol) was 
dissolved in 0.5 mL of THF and was allowed to react with 
1 equivalent of 30% aqueous ammonia for 30 min at room 
temperature. Four additional equivalent of ammonia were 

35 added and the solution was allowed to stir overnight at 
room temperature. A large excess of ammonia was added 
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and the reaction mixture was allowed to stir 2 days at 
room tenflperature. The reaction mixture was diluted with 
methylene chloride and was washed with water and 
saturated aqueous NaCl. it was dried over K2OO3 and 
5 purified by chromatography on a silica gel column using 
methanol and chloroform; .(1:9) as a solvent to yield 15 
mg of the desired product. LRMS(NH3-ci) m/e calcd. for 
M (C32H46N7O5B) ♦ H+: 619.5. Pound: 620. 

^® Example 16 

Synthesis of Ac- (D)Ph^- Pho-boroPha( p-f^^ .^^ ^^^^ 

ClCH[CH2C6H4-p-CN]B02CioHi6 was prepa^^d"^ making - 
the anion of p-cyanobenzyl bromide and coupling it to # 
dichloromethyl boronate pinanediol. This intermediate ' 
15 and the corresponding amine were prepared using the 
procedure described for ^Example 10. NH2CH[CH2C6H4-p- 
CNJBO2C10H16 (Example 78) was coupled to Ac- (D) Phe-Pro- 
OH using the method described in Example 11 

HRMS (NH3-Cl)m/e calcd. for M (C35H43NI0SB) . h*: 
20 611.3405. Found: 611.3408. 

Example 17 

Synthesis of Boc m^ph^. pro.boropi.^/,^,^ ^ 

Boc- (D) Phe-Pro-boroPhe(mCK) -CioHig was p^pared by 
reacting Boc- (D) Phe-Pro-OH (0.43 g, 1.2 mmol) h- 
boroPhe(iDCN)-CioHi6-HCl (0.42 g, 1.2 mmol), H- # 
methylmorpholine (0.26 mL, 2.4 mmol), 
hydroxybenzotria2ole.H20 (0.36 g, 2.4 mmol), and 
dicyclohexylcarbodiimide (0.25 g, I.2 mmol) in 20 nL of 
dxchloromethane overnight at room temperature The 
reaction mixture was filtered and the filtrate was 
chromatogramed on a 2.5 X 100 cm column of Sephedex LH- 
20 in methanol to yield 0^36 g of the desired product 
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Example 18 

sy nthesis of H- (p) PhP.p^o.K o roph«.^^>.n_^ „^ 
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Boc- (D)Phe-Pro-boroPlie{jnCN) -C10H16 (0.21 g) was 
allowed to reeict with 2 ml. of 4 N HCl dioxane for 2 h at 
room temperature. Solvent was removed by evaporation 
and the residue was triturated with ether to yield 0.11 
5 g of the desired product as a white solid. 

Example 19 

C Yr.^>,^«is of H- (r>^Phe-Pro-b oroPhe(inCN) -OH'HCl 

H- (D) Phe-Pro-boroPhe(inCN) -CioHifi'HCl (0.63 g, 1.0 
10 mmol) was allowed to react with 5 equivalents of 

phenylboronic acid using the procedure described for 
Example 7 to yield 0.46 g of product. 

Example 20 

15 Q y^rhRsis of Dimeth y l- (D)Phe-Pro-boroPhe(inai)-OH»HCl 
H-(D)Phe-Pro-boroPhe(inCN)-OH»HCa. (0.20 g, 0.42 
mmol). 37% aqueous formaldehyde (0.34 mL, 4.2 mmol) were 
dissolved in 2 mL of acetonitrile . Sodium 
cyanoborohydride (0.080 g, 1.3 mmol) was added and after 

20 5 min glacial .acetic acid (20|iL) were added. The 

reaction i« was -7 . After 5 h, additional acetic acid 
(20 ML) were added and the mixture was stirred for l h. 
The reaction mixture was poured into 20 mL of ethyl 
acetate and the organic phase was washed with 10 mL of 

25 saturated aqueous sodium chloride and dried over 
anhydrous sodium sulfate. Evaporation of solvent 
yielded 0.16 g of an oil which was triturated with ether 
to give a white solfd. 

Example 52 
fi ynt-hesis of Ac- (D) Phe -PrO-MH- 
CH [ (CH 9) 7 5C (NH) MHCHl ] BiCTjL2 

The intermediate, Ac- (D) Phe-Pro-NH- 
CHl(CH2)3Br]B02CloHl6» was prepared using the mixed 
35 anhydride procedure of example 1. A solution of this 
bromide (0.35 g, 0.57 mmol) and l -methyl -2 -thiourea 



-S3- 
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(P. 077 g, 0.85 nmol) in 10 nO. of absolute ethaaol was 
refluxed for 18 hours. After cooling the solvent was 
removed under vacuun., and the product was separated f ron. 
excess thiourea employing chromatography (elution- 
5 methanol) on Sephadex® lh-20 gel i:o provide o.3i g X77%) 
Of the isothiouronium product. This boronic acid ester 
(0.28 g) was then deprotected as described in example 4 
to afford 0.13 g (57%) of the desired product, lrms 
(ESI) m/e calcd. for M (C22H34BN5O5S) * h*: 492. Pound- 
10 .s. H«MS («H3-CI, „/e calcd. for ethylene glycol este; 
M (C24H36BNSO5S) ♦H.: 518.260847. Pound: 518.261656. 

Example 54 

A solution of AC- (D)Phe.Pro-boroOm-B02C10H16.HCl 

et'al !:.!on ^^'^"^^ °^ ^^tner 

et al.(i990)J, 4-methylaminopyridine (0.21 g, 1.7 

N-aethylamino-iminomethanesulfonic acid (0 24 g 1 7 ' 
20 mmol) , and 10 mi, of absolute ethanol was refluxed for I8 
hours. After cooling themixture was filtered and the 
precipitate was washed with chloroform. The combined 
filtrates were concentrated under vacuum, and the 
residue was dissolved in' 10 mL of chloroform. The 
5 Chloroform solution was washed with ice-cold 0 1 n ^ 
^Chloric acid (2 X 3 mL) , ice-cold water (2 x 3 mL, , t 
and brine. The resulting organic solution was then dried 
over anhydrous magnesium sulfate, filtered, and 
concentrated. The product was purified employing 
) Chromatography (elution: methanol) on Sephadex® LH.20 
gel to provide 0.30 g (55%) of the guanidine. This 
boronic acid ester was then deprotected as described in 
example 4 to afford 0»14 o «.<u ^ ^ 

- .»H3-c.. .... lrZl^T:,z:^l^■ 

(C,4H3,B»«05) . H*, SOi. Found: 501. H«MS (»H3-CI) „/. 
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calcd. for ethylene glycol ester M (C24H37BN6O5) * 
501.299674. Found: 501.300760. 

Example 102 

5 ^ ^^p..-o.o-KH.CHr(CH.)3^0lM2L:B02I. 

^ipHie 

part *. BOO- (I.) Phe-Pro-«H-CHI (CB,) 3-0-phth.ll»ide) - 
(3.0 9. o-^ -^^l")' «i=thyla»in. (1.9, 

were dissolved in 10 »1 of D«F and heated at lOO-C for 3 
^s. The solution was cooled to room te«perat,3re ^d 
200 »1 Of cold water were added to yield a thlc^ oil. 
I.i<^a was re«>oved and the residue was dissolved in 
15 ahsolute ethanol and evaporated. The residue was^ 

dissolved in methanol and chromatographed on a column of 

sephedex U«0« to yield 1.5 9 of the 

«Il. calcd for M (C41HS3K.09B) ♦ MH4»= 774.4. Pound. 

20 lirt B. The phthalimido protected aadne (0.30 g, 
0.40»ol..) «. di.«.lv.d in 3 ml Of CH2C12 and 
^azine hydrate (0.024 ml. 0.44 s»oles) »d 0^»^ -"^ 
^thanol were added and the solution was allowed to st.r 
*or 24 hrs. solid, were removed by filtration and the 

25 filtrate was evaporated. The residue was dissolved in 
etlarl acetat* and solids again wete removed by 
filtration. solution was acidf ided hy the additon 

Of 2 H BCl in ether to approximately pH 3. (PH measured 
on a strip of damp PH paper) and the solvent was 

30 ev«»r.ted. The residue was chro-atographed on an IB 20 
column to yield the desired product, 0.13 g. Anal. 

coxuniu uw J „ - «» ^ «. C27 4 Found: 627. 

calcd. for M (C33H51N4O7B) ♦ H: 627.4. toun 

Exaiqple 103 

35 -,-r,n ' ■"^-"'^-so^ „„ph..pro.»H-cHi(<?2 te:a:aa;.i 

B02;.CioHl6 
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Part A. Boc-(D)Phe-Pro-NH-CHr(cH,i, ^ ^ ^ 

Still t ^' '^-^l-^ed by 

stirring for 1 hr with 4 ml of 4 n hci m ^- 

5 solvent was evaporated and the reLdu' " 

ether to give 0 40 a ! triturated with 

give 0.40 g of product as the hci „»,^ 
Part B. H-(D)Phe.Pro.iiH-arr/r» . 

C,oH,,.ur.i ™'^°*2)3-0-phthalimide]-BO^ 
ClOHi6«HCl (0.20 o, 0 29 inm«i-.-\ -^aej BO2- 

w a, annoles) was dissolved a , 

of 50% dioxane: water ^soived in 4 ml 

wacer. Solid sodium bicar>iftna«.« /« 

lu.ubug, 0.32 mmoles) were added. The n.<^v 
stirred for 5 hr at ro«™ . 

s nr at room temperature and aoivo««. 
removed by evaporation. residue dLT # 

CH2C1, <20 mL) and washed with O.'^k "ci ao'lT ^ 
-HCO3 (10 m.,. and saturated a^eous N^Cl .0"^: " 
organic layer was dried over anhydrous MgL fl^t' T 
and evaporated to yield 0 la „ filtered, 
protecfoH » ■ ^ ^ °* Phthalimido 

681.4. Pound: 681. 

25 

^'^'"©le 104 
athesis of Bne-fn^pi.^-i.>^ TffT mm 11 1 ,^ 

•^u g, 0.30 mmoles) and ^ryanamide (is « 
were dissolved in 5 ml of V«i ^' 

1 hr; additionaltllt^roi:: T.T " """"^ 
-.ed and heating continued for i Z^^lllLTTZ' 
.mixture was cooled to yield a hi«>,» ^"^^^""^^ ^ hr. The 
layer was discarded and tL lowe:^^^^^^ ^ 
with ether and then with n«^ T ''^^ triturated 

a then with petroleum ether to yield a 



30 



wo 96/12499 



PCT/US9S/13702 



solid (0.15 g) . The crude product was purified by 
chromatography on a IiH-20 column to yield 0.12 g. Anal. 
Calcd. for M (C34H53N6O7B) ♦ H: 669.4. Found: 669. 

5 Example 124 

Synthesis of Ac> (D) Phe-Pro-NH-CH [CH2'XlB02"C10H16 (X=4- 

amino - eye lohexyl ) . 

Part A. The protected vinylic cyclohexanone (Scheme 
10 12, 35) was prepared by first dissolving potassium t- 
butoxide (11 g, 0.10 moles) and methyltriphenyl 
phosphonium iodide (39 g, 0.10 moles) in 500 ml of 
ill ^ anhydrous toluene, heating to reflux, and slowly adding 

cyclohexadione monoethylene ketal (15 g, 0.10 moles) as 
15 a toluene solution. The reaction mixture was refluxed 
for 3 hrs and then cooled to room temperature. It was 
poured over ice and. the product was extracted into 
ether. The organic solution was washed with saturated 
aqueous NaCl (1 X '.250 mL) and dried over anhydrous 
20 sodiian sulfate. The organic solution was filtered and 
concentrated and applied to a silica gel colimin 
equilibrated with ethyl acetate: hexane (1: 5) to yield 
the desired product, 12 g, as a colorless oil. 
Part B. The product of Part A (8.5 g, 55 mmoles) was 
25 dissolved in 5 ml of cuihydrous THF and added dropwise to 
50 mmoles of diisopinocan^hyl borane in 18 ml of THF. 
at 0"C. The diisopinocamphyl borane was prepared prior 
■ to the reaction by a published procedure (Brown et al. 

J. Org. Chem 47, 5065, 1982) . After stirring for 1 hr 
30 at 0*C, anhydrous acetaldehyde (8.8 g, 200 mmoles) was 
added dropwise and the reaction stirred for 36 hr at 
room temperature. The solvent and alpha pinene were 
removed by evaporation and pinanediol (8.5 g, 50 mmoles) 
dissolved in 40 ml of THF was added. Solvent was 
35 evaporated after 3 hrs to yield the desired crude 

product which was purified by chromatography on silica 
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gel using ethyl acetate: hexane (l: 5} to give the 
purified product in a yield of 96%. 

Part C. The product of Part B (7.9 g, 24 simoles} and 
methylene chloride (3.6 g, 42 mmoles) , were dissolved in 
5 200 ml of anhydrous THF and cooled to -78*C Lithium, 
diisopropylamine (38 mmoles) , prepared by treating 
diisopropylamine (3.8 g, 38 mmoles) with 25 mL of 1.5 M 
n-butyl lithium in hexane (38 mmoles) in 20 ml of THF, 
was added dropwise. Anhydrous ZnCl2 (6.8 g, 50 mmoles) 

10 dissolved in SO ml of THF was added and the reaction 
mixture was allowed to stir overnight at room 
temperature. Ether was added and the insoluble material 
removed. The organic pha:se was washed with water and j 
dried over anhydrous MgS04. The crude product was 

15 pinrif ied by silica gel chromatrography using ethyl 
acetate: hexane to yield 8 g. 

Part D. The product of Part C (1.3 g, 3.4 mmoles) was 
dissolved in 25 ml of THF and cooled to -78»C. This 
solution was added at -78 "C to a solution containing the 

20 lithium salt of hexamethyldisilazane, which had been 
prepared by treating hexamethyldisilazane (2.9 g, I8 
mmoles) in ID ml of THF with n-butyl lithium (1.5 N in 
hexane, 12 ml, 18 mmoles), at -78«C followed by warming 
to room temperature. After con«)letion of addition, the 

25 mixture was warmed to room- temperature and stirred 

overnight. Solvent was evaporated and the residue ^ 
dissolved in 100 ml of ether and 100 ml of pentane to 
yield a precipitate of LiCl. This solid material was 
filtered and the mother liquor concentrated. The 

30 product, approximately 9;0 g (18 mmoles), was dissolved 
in 40 ml of ether and was treated with 55 ml of 
anhydrous 1 N HCl in ether at -7 8«C. The mixture was 
allowed to warm to room temperature and stirred 
overnight . Solvent was evaporated to yield the desired 

35 product, 7.0 g, as a foam. 
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Part E. AC- (D)Phe-Pro-OH (3.1 g, 10 nimoles) in 50 ml 
of THF, N-methylroorpholine (1.1 ml, 10 mmoles) and 
isobutylchloroformate (1.3 ml, 10 nmioles) were mixed at 
-20"C. After 5 min, the product of Part D (4.0 g, 10 
5 mmoles) was added at -20"C as a 75 ml solution in THF. 
Triethylamine (1.4 ml, 10 mmoles) was added and the 
mixture was stirred for 1 hr at -20 "C and 3 hrs at room 
temperature. Solvent was evaporated and the residue was 
chromatogramed on LH-20 using methanol as a solvent. 
10 Additional purification was achieved by chromatography 
on silica gel using a stepwise gradient from 1% methanol 
to 10% methanol in chloroform to yield -4.5 g of the 
desired product. 

Part F. The product of Part E (O.lO g. 0.15 mmoles) 
15 was converted to the ketone by dissolving it in 5 ml of 
dioxane and adding it to 5 ml of an aqueous suspension 
of BioRad AG5P-X8 resin (H* form) . The mixture was 
stirred overnight, filtered, and evaporated. The 
residue was chromatogramed on silica gel using 
20 chloroform: methanol (9: 1) as a solvent to yield 75 mg 
of the desired prodiict. Anal. Calcd for M (C34H52N4O6B) 
•I- NH4'^: 623.4. Found: 623. 

Part G. The ketone, Ac- (D) Phe-Pro-lJH[C2l2-Xl BO2-C1OH16 
(X=4-cyclohexanone) (0.10 g, 0.17 mmoles), ammonium 

25 acetate (0.13 g, 1.7 mmoles) and sodium cyanoborohydride 
(10 mg/ 0.17 mmoles) were dissolved in 5 ml of methanol 
and stirred for 48 hrs. Anhydrous HCl (1 equ) was added 
and the reaction mixture was evaporated. The residue 
was chromatographed on a column of liH-20 using methanol 

30 as a solvent to yield 70 mg of the desired product. 
Anal. Calcd. for M (C34H51N4O5B) ♦ H: 607.4. Found: 

607. 

Example 125 

35 Synthesis of Boc- (p) Phe-Pro-N H-GHfCHo-Xl -BO^-CioHig {X^ 

4 - amino - cvclohexyl ) . 
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Part A. Following the procedure of the previous 
example, Boc-(D)Phe.Pro-OH (2.9 g, e.o nnnoles) was 
coupled to the alpha -aminoboronic acid to yield 3 6 a 
Anal calcd. for M (C38H56N3O8B) * H: 694.5. Pound: 
694.4. 

Part B. The peptide ketal (Scheme 12, 43) (4 0 g 57 
mmoles) was converted to the ketone 44 in a yield of 2 5 

- ^1. Calcd for M (C36H52N307B) * H: 664.5. Found: 
4 • 

Part c. Reductive amination of 44 (1.0 g, 1.5 ^noles) 
yielded 0.78 g of the desired product. Anal. Calcd. for 
M (C37H57N4O6B) ♦H: 665,5. Found: 665.4. 0 

Example 126 
synthesis of Ror- fn> Pho-Pro-WH-m. fv^ n^- 

cyclohevYlaii.<r„»> 

Part A. Cyclo-3-hexenone ketal was prepared by the 
procedure described by Laronze et al Synthetic 
Conanunlcatlons 21, 881, 1991. Cyclo-2-hexenone (20 g 
0.21 »ol), ethylene glycol (48 g, o.78 mol) , and p- ' 

in 750 ml Of toluene in a round bottom flask equipped 
With a- Dean stark trap and a reflux condenser. After ^ 
ref luxing overnight and removing water, the flask was ^ 
cooled to room ten«,erature and the toluene solution was 
washed with saturated acpxeous NaCl (i x 500 mL) . The 
aqueous layer was washed with methylene chloride (1 x 
250 mL) and the combined organic phases were evaporated 
r^. crude product was purified by chromatography^n a 
sxlxca gel column using ethyl acetate: hexane (i: 7) to 
yield 13 g. « • // to 

Part B. The product of ^Part a n a « i-> 

r-«t A H.8 g, 13 mmoles) was 

^borated .na =on«rt«. to the pin««Uol „^ 
the procedure described in earlier ewunaes. 
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Chromatography on silica gel using ethyl acetate: hexane 
(1: 7) and a 1: 40 ratio of crude product: silica gel 
gave a mixture of 1,3- and 1,4- disubstituted boronic 
acid ester (Scheme 13, 48) in a yield of 3.7 g. Anal. 
5 Calcd. for M {C18H29O4B) + H: 321.3. Found: 321.1. 
Part C. Homologation of the product of Part B (1.2 g, 
3.2 mmoles) and purification by silica gel 
chromatography gave 1.3 g of a mixture of 1,3 and 1,4- 
disubstituted o-chloro boronic acid isomers. Anal. 
10 Calcd. for M (C19H30O4CIB) ♦ H: 369.3. Found: 369.1. 
Part D. The a-chloro boronic acid (Scheme 9, XI) (1.2 
g. 3.3 mmoles) was converted to 1.3 g of the ketal 
protected amine hydrochloride. 

Part E. Hoc- (D)Phe-Pro-OH (1.3 g, 3.3 mmoles) was 
15 coupled to 1.2 g of the product of Part D. Following 

purification using silica gel chromatography with 

chloroform: methanol (1: 9), 0.60 g of the desired 

product was obtained. Anal. Calcd. for M (C38H56N3O8B) 

* H: 694.5. Foiand: 694.4. 
20 Part F. The side chain ketone was generated in almost 

quantitive yield following the procedure oulined above. 

Anal. Calcd. f or .M (C36H52N3O7B) ♦ H: 650.5. Found: 

650.4 

Part G. The final product was obtained by reductive 
25 amination of the product of Part F (0.20 g, 0.31 

mmoles) . The desired product was obtained in a yield of 
0.15 g. Anal. Calcd. for M {C36H55N4O6B) + H: 651.5. 
Found: 651.2. 

30 Example 127 

Synthesis of Boe- (D)Phe -Pro-NH-CHrCH9-XlB0:j-CiQHi6_{X^ 

hvdoxv-cyclohexvl) . 

Boc- (D) -phe-Pro-NH-CHtCH2(4-oxocyclohexyl) ]B02- 
35 C10H16 (0.50 g, 0.7 5 mmoles) was dissoved in 2 ml of 
anhydrous methanol and sodium borohydride (50 mg, 1.3 
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mmoles) was added. After 30 min, additional NaBH* (30 
mg) was added. After 30 min, the reaction mixture was 
concentrated, water was added, and the reaction mixture 
was concentrated a second time. Silica gel 
chromatography of the residue yielded 200 mg of the 
desired product. Anal. Calcd. for H (C37H56O7N3B) * H: 
666.5. Found: 666.4. 

Hxaxnple 128 

gyithesis Of BorMn)Pbe-Pro.im-CHfrH2 z2aBO2^10Sl6,iX^ 

guanidi no-cvclohevYi } 

Part A. Boc- (D)Phe-Pro-NH-CHCCH2- (4-NH2- i 
cyclohexyl)]B02-CioHi6 (0.78 3, 1.1 xmnoles), n,n- ' 
dimethylaminopyridine {0.14 g, 1.1 ,„,„oles) and'z-N=C(S- 
Et)-NH-2 (0.43. 1.1 mmoles) were suspended in 7 ml of 
isopropyl alcohol and heated to 50 -c to give a complete 
solution. After 5 hrs., the^ solvent was evaporated and 
the residue dissolved in 50 ml of ethyl acetate and 
20 washed with 5% Naooa (50 mL) , O.20 N hci (50 mL) , and 
saturated aqueous NaCl (50 nL) . The product was dried 
over anhydrous Na2S04, filtered, and evaporated. The 
residue was purified by silica gel chromatography using 
3% methanol in ethyl acetate as a solvent. The bis- 
carbobenzoxy protected guanidine was isolated as a white J 
foam, 0.95 g. Anal. Calcd. f or M (C54H7iN60ioB) *H: $ 
975.6. Foiind: 975.2. 

Part B. The product of Part A (0.79 g, 0.8I mmoles) 
was dissolved in 20 ml of methanol and hydrogenated in a 
Parr apparatus at an initial pressue of SO psi in the 
presence of benzene sulfonic acid (0.13 g, 0.8I mmoles) 
and 0.50 g of 10% Pd/C. After 4 hrs, the reaction 
mixture was filtered, filtrate was concentrated and 

applied to a column of lh-20 in methanol. The desired 
35 product was obtained in a yield of 0.45 g. Anal, calcd 
for M (C38H59N606B) + H: 707.5. Found: 707 4 
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Example 129 
synthesis of Boc- (P) Phe- Pro- ( R) Phe ImCN) -OMe 

5 part A. z-NH-CH(P(0Me)2lC00Me (5.0 g, 15 mmoles) was 
dissolved in 50 ml of methanol and hydrogenated in a 
Parr apparatus (inital pressure 40 psi) in the presence 
of 0.40 g of 10%Pd/C. After one equivalent of hydrogen 
was consumed, the catalyst was removed by filtration and 

10 the filtrate was evaporated to give the free amine. 

Part B. NH2-CHlP.(OMe)2]COOMe (2.5 g, 13 mmoles), Boc- 
{D)Phe-Pro-OH (4.6 g. 13 mmoles) , N-methylmorpholine 
(1.4 ml, 13 mmoles), and hydroxybenzotriazole-H20 (3.9 
g, 25 mmoles) were dissolved in 150 ml of methylene 

15 chloride and dicycolhexylcarbodiimide (2.6 g, 13 mmoles) 
was added. The mixture was allowed to stir overnight at 
room temperture. insoluble material was removed by 
filtration, and the filtrate was evaporated. The 
residue was dissolved in ethyl acetate and washed with 

20 5% HaHCOa (150. mL), 0.20 N HCl (150 mL) , and saturated 
aqueous NaCl (150. mL) . After drying over anhydrous 
MgS04 and evaporating, a white solid (5.7 g) was 
obtained. Anal calcd. for m (C24H36N3O9P) ♦ 

542.227. Found: 542.225. 
25 Part C. Boc- (D)Phe-Pro-NH-CHlP(OMe)2lCOOMe (1.4 g, 2.6 

mmoles) was dissolved in 7 ml of THF and was added 
dropwise to a -78."C solution of lithium diisopropyamine 
(prepared by dissolving diisopropylamine (0.41 ml, 2.9 
mmoles) in 5 ml of THP and adding 1.6 N n-butyl lithium 

30 in hexane (1.7 ml, 2.6 mmoles at 0-C) . During the 

addition, a precipitate formed which was dissolved by 
warming the reaction mixture to 0-C for 5 min and 
recooling to -78-C. m- Cyanobenzyaldehyde (0.35 g, 2.6 
imnoles) was dissolved in 3 ml of THF and added dropwise 

35 to the reaction. The reaction was allowed to warm to 
room temperture and stir for approximately 3 hrs. The 



wo 96/12499 

KiyUS9S/13702 

splvent was evaporated, «»1 the residue was dissolved in 

K.C1 (50 .0.) and was dried over «*ydr™„ Mgso.. Mter 
«aPoration of solvent, the «,P-unsaturat«l prt>u« l" 
5 g, was obtained as a foam. 

Part D. The product of Part C was hydrogenated in the 
presence of duPHOS catalyst according to the 

procedure of Burke et al. j Am rh«« « 

=u txj.. u. Am. cnem. Soc.. lis ioidb 

19.3. The desired product with the a-carho; ^'.^.T' 

.0 configuration was obtained. Anal. Calcd. for M 

(C30H36N4O6) ♦ H: 549.271. Pound: 549.271. 

Example 130 d 
?thesis of Bo^-(D)Ph«..D^^■/ e)ph«r^^ ■^^ 

This was prepared according to the procedure of the 
above example except that the hydrogenation was done 
using (S.S) DoPBOS to give the desired product 
20 ^'27^'"' ^"°«««*0«> * H: 549.271. Pound: 

Exad^le 131 
Synthesis of Boc^p^»- /cM.. ^efmCN> -om^ 

25 Part A. Boc-Pro-OH was coupled to nhj- 

^rP(0, (0Me,2]CXX>Me by the above procedures to give Boc ^ 
Pro-NH-CHfP(o) (OMe)2]COOMe. Anal Calcd. for m 
tCi5H27N208P) * NH4+: 412.2. Found: 412. 
^ Part B. The product of Part A was coupled to m- 
30 cyanobenzaldehyde to aive ^ho « r to m- 

analoa . ^ « ^ive the a, P. unsaturated dipeptide 
analog. Anal. Calcd. for M ,<C2iH25H305) * 417 2 

Pound: 417. «a/.2. 



35 



Part C. ThB product of Part B was reduced using 

catalyst to yield Boc (L,Pro- (L,Phe(^, 
owe. Anal, calcd for M (C21H27N3O5) * MH4*: 41^^ 
Found: 419. 
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Example 132 
RYnthesls of Boc-Pro -Phe(mCN) -OH. 

5 Boc-Pro-Phe(jnCN)-OMe (3.8 g, 9.5 mmoles) was 

dissolved in 16 ml of 50% dioxane: water. NaOH (0.42 g, 
10 mmoles) was added and the solution was stirred 
overnight at room temperature. Dioxane was removed by 
evaporation, and the solution was diluted to 100 ml with 
10 water. After acidifying to pH <2 with HCl, a 

precipitate was obtained. It was isolated and then 
recrystallized from ethanol: water to yield 2.3 g (m.p. 
183-185»C). Anal. Calcd for M (C20H25N3O5 ♦ H 388.2. 
Fovud: 388.1. 

15 

Example 133 
g yn^hesis of Boc-Pro-Ph« *^JngW^-N(Me)-OMe 

Boc-Pro-Phe(mCH>-OH (2.1 g, 5.4 mmoles) and N- 
20 methylmorpholine (1.3 ml, 12 mmoles) were dissolved in 35 
ml of methylene chloride and cooled to -5 "C. 
isobutylchlbroformate (0.70 ml, 5.4 mmoles) was added, 
and the solution was stirred for 15 min at -5-C. »- 
Methyl -N-methoxyamine (0.87 g, 9.0 mmoles) was added and 
25 the mixture was stirred 45 min at -5«C and 3 hrs at room- 
temperature. Water (35 mL) was added and the phases 
were separated. The aqueous phase was washed with 
methylene chloridfe' (Ix 50 mL) and the combined organic 
phases were dried over MgS04 and evaporated. The 
30 product was purif ied by chromatography using ethyl 

acetate: hexane (2: 1) . The product was recrystallized 
from ethyl acetate: hexane to yield 2.0 g (mp 130- 
132»C). Anal. Calcd for M(C22H30N4O5) + NH4+: 448.3. 
Foiind: 448. 
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35 



in 25 ml Of THP and cooled to -78-0. t-Butyl lithium 
5 (6.8 ml, 12 mmoles) was added and the reaction was 

warmed to O.C and stirred f6r 30 mln. Magnesium bromide 
etherate (12 mmoles) was addfed, and the mixture was 
stirred for an addltional-ao min. Boc-Pro-Phe(mCN) - 
N(Me)-OMe (1.0 g. 2.3 mmoies) , dissolved in 5 ml of THF 
10 was added to the reaction mixture. The reaction was ' 
warmed to room temperature and stirred for 3 hrs 
saturated a<iueous NH4CI (io ml) was added and solvent 
was evaporated. The residue was dissolved in ethyl 
acetate (50 mL) and washed with water (50 mL) and 
15 saturated aqueous NaCl (so mL) . The organic phase was 
drxed over MgS04 and evaporated. The product was 
purified by silica gel chromatography using ethyl 
acetate: hexane (2: i) . The desired product (220 mg) 
was Obtained. ^1. calcd for M (C..H3iN30s) . 
20 459. Found: 459. 

Examplie 135 

s ynthesis of F - fD )Ph.-p.^..K...n.. ^ ^ 

Boc- (D) Phe-Pro-boroPhe (mCN) -CioHig (0.5^37"^ ' 
25 mmoles) was dissolved in 20 ml of anhydrous methanol and 
cooled to O.C. -*y^ous Hd was Slowly bubbled th^ou'h 
the solution for 2 hrs. O^ie reaction was allowed to 
stand at 4-C overnight. Ether was added to form a 
solid. Dioxane (5 ml) and water t^a n.ii 

^ water (25 ml) were added and 

.ixture was .tirr«l for -7 ^ at ro«. temperature 
^ solvent va. evaporated ana u„ residue triturated 
with ether to ^ieXd the desired product as a fixture of 
the free boronic acid an pinanedlol ester (0.28 g) 

material was treated with o.is g of pinanedloi in 3 
^ Of ^thanol for 5 „in and was applied to a column of 
in methanol. The desired product was obtained in 
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a. yield of 0.16 g. Anal. Calcd. for M (C34H44N3O6B) ♦ 
H: 602.340. Pound: 602.339. 

Example 136 

5 Hvdrocinnamovl- ProboroGlv f (CH^ W-NH- Acetyl] Ci oHig 

To a stirred solution of Hydrocinnamoyl - ProboroLys 
(l.Og, l.Snunol), Et3N {501ML, 3 . Smmol ) in THF (50 mL) 
was added acetylchloride at Cc under an N2 atmosphere. 

10 After stirring for 3h at r.t., the mixture was diluted 
with ethyl acetate (50 mL) and washed with H2O (l x 100 
mL), HCl (IN, 1 X 100 mL), NaHCOa (sat'd, l x 100 mL) , 
and NaCl (sat'd, 1 x 100 mL) . The organic layer was 
then dried over Na2S04 and concentrated in vacuo to 

15 afford the desired product (991mg, l.Smmol) . (M+H)* 552.4 
HRMS for C31 H47N305B calC. 552.360877; found 
552.360898. 
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The examples shown in Table i can be prepared by 
the schemes and procedures described above using the 
appropriate starting materials. 



Table 1. 



JL- 



Conpound 



Ac- (D) Phe-Pro-NH- 



KS I LRMS I X.ftK8 

I Me thod [CALC ' D I FOXmP 
NH3/CI I 594.4 I 594 



Ac- (D)Phe-Pro-IJH-CHt(CH2)4 
C (MH) MH2] BOaCi f^H^ 6 »BSA 



NH3/CI I 594.4 
(M-^H) 



594 



Ac- (D)Phe-Pro- 
boroOm(CH»NH)] -Cl9Hi6»HCl 



NH3/CI I 580.4 
(M+H) 



580 



Ac- (D)phe-Pro- 
boroOm(CH«NH) ] -0H» HCl 



NH3/CI 528.3 
I pinacol t . 
lester+H 



528 



8 



10 

TT 
TF 



Boc-Pro-boroOm (C31»NH) - 
CiqHi#; «HC1 

Hoc- (D)Phe-Pro- 
boroOm { CH=KH) J - CiqHi g • 0. 5 
HCl'0.5 BSA 

Boc- (D)Phe-Pro- 
boroom (CH-NH) ] -0H« 0 . 6 

HC1«0.4 BSA 

H- (D)Phe-Pro- 
boroOm ( CH=NH) ] - CioHis • 0 . 5 
HCl'0.5 BSA 



NH3/CI I 491.5 I 491 
(Mt-H) 

NH3/CI I 638.4 I 638 
(H+H) 



NH3/CI I 586.4 I 586 
I pinacol 
I ester+H 1 

NH3/CI 538.4 I 538 
(M+H) 



H- (D^Phe-Pro- 
boroOm (CH«NH) ] -0H« 0 . 65 
HCl* 0.35 BSA 

H-boroPhe (mca?) -CioHi^»hC1 

Ac- (D)Phe-Pro-boroPhe- (m- 
CN) -CinHii 

Ac- (D)Phe-Pro-boroPhe- (m- 
C(KH)MHg) -CinHig»BSA 



NH3/CI I 486.3 
I pinacol 
ester+H I 



NH3/CI 
(M+H) 

NH3/CI 
(M+H) 



611.3 



628.4 



486 



611 



628 
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AC- (D)Phe-Pro-boroPhe- (m- 
-C]nHi6»HCl 

lAc- (D)Phe-Pro-boroPhe(in-Br) 
Ac- (D) Phe-Pro-boroArg (ca») - 



NH3/CI 
(M+H) 

NH3/CI 
(M+NH4) 

NH3/CI 
(M+H) 



615.4 



683.4 



619.5 



Iac- (D)Phe-Pro-boroPlie(p-CN) 
CinHic 

Boc- (D) phe- Pro-boroPhe (m- 
car) -C1QH16 

H- (D) Phe - pro-boroPhe (m-CN) 
C] ftHic«HCl 

H- (D) phe-Pro-boroPhe(m-CN) 
OH-HCl 



NH3/CI 
(M+NH4) 

NH3/CI 
(M>NH4) 

NH3/CI 
(M+H) 

NH3/CI 

EG 
ester+Hj 



628.4 
686.4 
569.3 
461.2 



20 

TT 

T2 

"23" 

"24 

IT 



N,N- (Cai3)2- (D)Plie-Pro- 
boroPhe- (m-CN) -0H»HC1 
(ISOMER I) . 

AC- (D) phe-Pro-boroPbe (p- 
CH^MH2^ -^I^ ^ H* "^^^ 

AC- (D) Phe-Pro-boroPlie (p- 
n/MuiwHpWCi^Hjfi' BSA 

AC- (D) phe-Pro-boroPhe- (m- 
CM) -OH'HCl 



|ms- {D)Phe-Pro-boroPlie(m-a!l) 
OH'BCl 



N-CH3- (D) Phe- Pro-boroPhe (m- 
CW) -CioHj g'HCl 

H-Pro-boroPhe (m-CN) 
_CjoHj6»HCl 

Boc- (D)Thiazolylalanine-Pro- 
>v.Y-nP>ia(m-CN) -CloHir 



MH3/CI 

EG 
ester-^H | 

NH3/CI 
(M-^H) 

FAB 
(M4H) 

HH3/CI 

EG 
ester-*- 

NH3/CI 

EG 
ester* 

HH3/CI 
(M+H) 

NH3/CI 
(M+H) 

MH3/CI 
(M+H) 



489.3 

615.4 
628.37 
520.3 

556.2 

583.4 
422.3 
676.4 



615 
683 
620 



628 



686 



569 



461 



489 



615 



628.44 



520 



556 



583.3 



422 



676.4 
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28 



29 



30 



31 



32 



Boc - (D) 3 - Pyridylalanlne - Pro 
boroPhe - (m- CN) - C] 

H- (D)Thia2olylalaaine-Pro- 
boroPhe (n - CN) - pHi g » HCl 

H- (D) 3 -Pyridylalanlne -Pro- 
boroPhe (m- cap - Ci qH i g >hci 

Ms - {D)Thiazolylalanlne-Pro- 
boroPhe (m- CN) - Ci oH^f 



NH3/CI 
(M+H) 

NH3/CI 
(M+H) 

NH3/CI 
(M+H) 

NH3/CI 
(H+H) 



670.4 
576.3 
570.3 
654.3 



35 



36 



Ms - (D ) 3 - Pyridylalanlne - Pro ■ 
boroPhe (m-CN) -Ci nWi 

N-B0C-N-CH3- (D) Phe-Pro- 
boroPhe (m-CN) -CioHi 

Iboc - (D) 2 - Pyridylalanlne- Pro - 
boroPhe (m-CN) -c^ ^M-^ ^ 



NH3/CI 
(M+H) 

NH3/CI 
(M+IIH4) 

NH3/CI 
(M+H) 



648.3 



700.4 



670.4 



37 



38 



Ac-Pro-boroPhe (m-CK) -Ci nHi g 

Iboc - (O) 2 - Thlenylalanine - Pro • 
boroPhe (m-CN) -C10H1 g 



NH3/CI 

(M+NHa) 

NH3/CI 
(M+NH4) 



481.3 
692.4 



H- (D) 2 - Pyridylalanlne - Pro - 
boroPhe (m- CN) -Ci nHi g .hci 



39 

To" 

T2" 



H- (D) 2 - Thienylalanlne - Pro - 
boroPhe (m-c») -c^ ^Hi6»hci 



NH3/CI 
(M+H) 

NH3/CI 

(M+H) 



570.3 
575.3 



Ms - (D) 2 - Pyridylalanlne- Pro - 
boroPhe (m-dJ) -C|nH ;| 

Ms - <D) 2 -Thienylalanlne- Pro - 
boroPhe (m-CN) -CinHi 

I ( 2 - Pyrimidyl thlo) acetyl - Pro 
boroPhe (m-cw) .p^ 

trans-3 - (3 -pyrldyl) acryl 
Pro -boroPhe (m- CN) - c 1 nH 1 g 

(4-Pyridylthlo) 

acetyl -Pro - 
boroPhe (m-cw) -r, nw, , 



NH3/CI 
(M+H) 

NH3/CI 
(M+NH4) 

NH3/cr 
(M+H) 

NH3/CI 
(M+H) 

NH3/CI 
(M+H) 



648.3 

670.3 

574.3 

553.3 

573.3 



670.4 
576 
570 
654 



646 



700 



670 



481 
692 



570 
575 



648 
670 
574 

553. 
573 
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4 4 1 


Succinyl- (D) Phe-Pro- 
boroPhe (m- CW) -OH 


NH3/CI 1 ! 
KQ 1 

ester*^ 1 

NH4 


45 


3-Pyridylpropionyl-Pro- 1 
boroPhe(in-CN) -ClftH^fi 1 


(M+H) 


46 


HOC - (D) Phe - Aze - boroPhe (m- 
CW) -CiQHi6 L 


NH3/CI 1 

(M+NH4) 


47 


H- (D) phe-Aze-boroPhe (m-CN) - 
Cl^Hie'HCl _l 


NH3/CX 1 

(M^H) 


TiT 


Hydrocinnamoyl-Pro- j 
boroOr" f rH=NH) T OH'BSA 


FAB 1 
EG 1 
ester^Hl 


49 


Hydrocinnamoyl - Pro- 
bQroIrq(CP7f^=™?i-0H'HBr 


ESI 1 
(M^H) 1 


50 


Hydroc innamoy 1 - Pro - 
boroird (CH-^) -OH'HBr 1 


(M+H) 1 


"Tii 


Cbz- (D) phe-Pro-borolrg (CH3) - 
CjpHifi'HBr 


Nrl3 / 1 
(M+H) 1 


52 


AC- (D) phe-Pro-borolrg(CH3) - 

QH«HBr 


j ITCT 1 

(M+H) 1 


53 


Hydrocinnamoyl - Pro - 
boroIrg(CH^cai-^)-OH»HBr 


i f e T 1 

(M+H) 

1 lCTtJ<% / t^T 1 


54 


AC- (D) phe-Pro-boroArg(CH3) - 
1 . . OH»HCl 


1 Nxl3/^JL 1 
EG 

1 ester+Hl 


Ti" 


1 Hydrocinnamoyl- pro- 
boroArcf (CHi) -0H»HC1 


1 ESI 1 
(M+H) 1 


56 


1 MS- (D) Phe-Pro-t)oroArg(cai3) - 
J nwHCl 


1 ESI 1 
(M+H) 1 


57 


MS- (D)Plie-Pro- 
boroOmfgH^NH) -QH'HCl • 


1 t?QT 1 

1 ISiOX 1 

(M+H) 1 


5 8 


PhS02- (D)Plie-Pro- 
boroArc^(CH-^)-OH»HCl 


"1 isi f 

(M+H) 




PhS02 - (D> ■ ' 
boroO-^ f Qi»MH) -OH'HCl 


i isi 1 

(M+H) 



578.3 



445.5 



461 



435 



718 



492 



449 



501 



418 



578 



555 



672 



555 



445 



461 



435 



718 



492 



449 



501 



418 



511 



482 



573 



544 



573 



544 
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60 

TT 

Ti" 
TT 



65 



66 



67 



Ms- (D)Phe{4-fluoro) -Pro- 
_bproOrD(CHgMH) -OH'HCl 

PhCH2S02 - (D) Phe- Pro- 
boroArcy (CRj ) - OH.wr-i 

PhCH2S02 - (D) Phe - Pro- 
boroQ mfCHgMKr^ -OH»Hgi 

CH3CH2CH2SO2- {D)Phe-Pro- 
boroOrn(CHeMH) -qh»hpi 

CH3CH2CH2SO2- (D) Phe- Pro- 
boroArq(CH-^) -qh.wpi 



ESI 
(M+H) 

ESI 
(M+H) 

ESI 
(M+H) 

ESI 
(M+H) 



500 



587 



558 



500 



587 



ESI 
(M+H) 



558 

510 j^sTo" 

539 539" 



CH3 (C3l2 ) 3SO2 - (D) Phe - Pro • 
_boroAr g ( CH3 ) - 0H>HC1 

CH3 (CH2 ) 3SO2 - (D) Phe - Pro ■ 
boroOm ( rosMa y - OH«iHpi 

Ac- (D)Phe-Sar- 
boroOm(CH'gMH) -oh*HC1 

Ms - (D)Phe-Sar- 
boroOmCCH^MH) -OH»HCI 

Phenethyl -SO2 - (D) Phe-Sar- 
boroO m(CHgMg;> -oh»hpi 



ESI 
(M+H) 

ESI 
(M+H) 



553 I 553 
524 524 



WH3/CI 446.3 446. r 
EG 

[ester+H] 

NH3/CI 482.2 I 482.2" 

EG 
ester+H I 



NH3/CI 572.27 572. "27 
EG 



ester+H I 



71 


1 Boc- (D)Phe-Sar- 
_L___bo^oOrnj^^H)_;OH;HCl___. 


1 MH3/CI 
1 EG 
J ester+H 


1 504.3 


1 504.3 


72 


jN-alpha- [boroOm(CH=NH) -oh] - 
1 (2 -trans benzyl carboxamido) - 
j cyclopentcme-l- 
1 ■ carBojtamide'Hgi 


NH3/CI 

EG 
ester+H 


1 415.25 


1 415.25. 




[h- (D)Phe-Sar-boroOm(CH=NH) - 
ClfHig»2HCl 


ESI 
(M+H) 


1 512.3 


512.3 


73 


Boc- (D) Phe-Sar-boroPhe (m- 
1 CW)-C]^H|^ 


ESI 
(M+H) 


643.36 


643.36 


74 1 


Boc- (D)Phe-A2e- 
b6^oOrri(CH=NH) -0H«HC1 


NH3/CI 1 
EG 1 
ester+H 1 


546.3 I 


546. 3~ 


75 1 


H- (D) Phe-Sar-boroPhe (tt-cai) - 
CioHifi«2Hgl 


ESI 1 
(H+H) 1 


543.3 T 


543.3 
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ESI 
(M-^H) 



474.3 I 474.3 

4 - ( Phenyl ) benzoyl - 
_bnroOm(CH^im)-noHH>HCl | ^20 . 58 | 620. ib 

I z - ( D) Phe - Pro - bor oOrn ( CM=NH) - pinacol 
' OH»HCl 1 ester-t-H i 

H-boroPtae- ^"-CN) -C^ nHi g'HCl 
BOC- (D)Phe-Pro- 
N (CH3 ) CH [ ( CH2 ) 3NHC <NH> ■ 
B(OH) 

Boc- (D) Phe- Pro- 
|n (Phenyl) CH I (CH2)3NHC{NH)H] - 

B(0H)2 
BOC- (D) Phe -Pro - 
|n (benzyl) CH I (CH2) 3NHC (NH) Hi 
B (OH) : 

BOC- (D) Phe -pro - 
N ( (33 ) CH [ ( ai2 ) 3NHC (NH) H) 

B(6Me)2 



•3 I BOC- (D) Phe -Pro - 

N(C3I3) CH t (CH2) 3NHC(1«) Hi 
B[N(Me)l 

BOC- (b) Phe -Pro - 
N (CH3) CH I (CH2) 3NHC (HH) H] - 

B(F) 

FMoc- (D)Phe-Pro- 
UHCH I (CH2 ) 3NHC (MH) Hi - 

B(0Cl0Hl6): 



86 



AC - (D) cydobexylalanyl - Pro ■ 
NHCH t (CH2) 3»HC {HH)Hl - 
B(0Cl0Hi6) 

AC- (D>Pbe-Gly- 
1JHCH[(CH2)3MHC(NH)H1 

B(OC3QHi6): 
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8 8 



91 



Ac- (D)Phe-Pro- 
»HCH t (CH2) 3NHC (NOH) NH2J - 

B(OCj nH ^ ^)^ 

Ac- (D)PhG-Pro-boroPhe (p-Br) 



Ac - (D) Phe - Pro -boroPhe 



(P- 



Ac - (D) Phe- Pro -borpPhe (p- 
«HC(NH)imo> -rip ti 

Ac- (D) Phe-Pro-boroPhe (p- 
CH2MHC(MH)im;.^ .n^ ^ rr. 

AC- (D) Phe-Pro-boroPhe (m- 

Ac- (D) Phe-Pro-boroPhe (m- 
CH2MHCfNHl wwrMi .0^ ^^T 

Z-Leu-Ser(OT-Bu) -Asn-Leu- 
Ser(OT-Bu) -Asn-Leu-Ser(OT- 
Bu) -Asn-Leu-Ser(OT-Bu) -Asn 
NHCH[(CH2)3MHC(NH)H]- 

H-Leu-Ser(OT-Bu) -Asn-Leu- 
Ser (OT-Bu) -Asn-Leu-Ser(OT- 
Bu) -Asn-Leu-Ser (OT-Bii) -Asn- 
NHC3I[(CH2)3KHC(NH)H] - 
BfOgi^w,^\^ 

Z-Leu-Ser-Asn-Leu-Ser-Asn 

Leu-Ser-Asn-Leu-Ser-Asn- 
NHCH [ (CH2 ) 3NHC (MH) HJ - 

B(0CinHi. ;)2 

H-Leu-Ser-Asn-Leu-Ser-Asn- 
I«u-Ser-Asn-Leu-Ser-Asn- 
NHCH r (CH2 ) 3NHC (NH) H] - 



r':. 
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1021 BOC- (D) PHe- PTO- 

boroGly I (Cai2) 3 -ONH2I -OH -HCl 



NH3/CI 

(EG 
ester 
♦H) 



519.3 



519 



103 


PhCH2S02 - (D ) Phe - Pro - 
boroGly t (CH2 ) 3 ' 0NH2I 
Ci^Hie-HCl L 


NH3/CI 1 
(M-i^H) 1 


681.4 1 


681 


104 


BOC- (p) Phe-Pro- 
boroGlyl(CH2)3- 
__OTHC(^H)NH2l_:C]JJIyJJ^9^ L 


NH3/CI 1 


669.4 1 


669 
TOi 


105 


BOC - (D) Phe- pro -boroOrn- 
[C(MCN)NHCH-^1 -C^^^H^fi 


NH3/CI 1 
(H-^NH4) 1 


709.5 1 




lOfil 


HOOCCH2 - <D) Phe - Pro - 
boroOm [C (NCN) NHCH3] - 
C^pHjfi-HCl I 


ESI 1 
(M^H) 1 


650.4 1 


650.5 


Tot] 


BOC- (D) Phe- Pro- 1 
boroOm [C (NCN) SC2I-i] - CloHlfil 


NH3/CI 

(M-MnLft) 


726.4 


726 


108 


BOC- (D) Phe -pro - 
boroOm(CONH2) -CinHie 


NH3/C1 

(H-t-H) 


654.4 


654 


Toil 


Ih- (D)Phe-Pro-boroOm(CONH2) - 
CiftHi6-HCl _l 


NH3/CI 
(M-^H) 


554.4 


5i4 


TIo" 


I phCH2S02 - (D) Phe- Pro- 

1 boroOm(CONH?) -CjqHic I 


NH3/CI 
(M+NH4) 


725.4 
1 612.4 


725 
1 612 


TIT 


I HOOCCH2- (D) Phe- pro- 
boroOm ( CONH2 ) - c ^ ^Hi g • hcx 


NH3/CI 
(M+H) 






112 


F BOC- (D)Phe-Pro- 

boroom (COCH^iOH) -Ci qHi6 


NH3/CI 
(M+NH4) 


1 686.4 


1 686 
1 706 


113 


1 BOC - (D) Phe rro 

1 Metha««^sulfonYl) -C10H16 


NH3/CI 
j (M+NH4 ) 


706.4 


1 589 


114 


'[ H- (D)Phe-Pro-boroOm(N- 
Methanesu1fonvl) -Cl0Hi6'HCl 


InH3/C1 
(M+NH4) 


589.3 




lis 


• U- (N- Acetyl) Aniline sulfonyl - 
1 (D) phe-Pro-boroOm (N- 
1 Methanesulfonyl) -CioHic 


|nH3/C1 
(M-^NH4) 


1 803.4 


1 B03 
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116 



117 



118 



119 



Methanesulf onyl - (d) Phe - Pro • 

boroOrn(N-Methanesulfonyl) • 

CioH: 

N,N- dimethyl- (D)Phe-Pro- 
IboroOrn- (N-Methanesulfonyl) - 

Cl0Hi6»HCl 

|Ac-Gly- (D)Phe-Pro-borp6m(N- 
Methanesulfonyl) -C;p H|^ 



)nH3/C1 I 684.3 I iir 
(M+NH4) 

INH3/CI T"7TT~| 617" 
(M+H) 



120 



HOOCCH2- (D) Phe -Pro 
boroOrn (H- Methanesulf onyl ) 
CioHifi'HCl 
PhCH2S02 - (D) Phe-Pro- 
boroOm (N-Methanesulfonyl) 
CioH 

Boe- (D) Phe- Pro - 
boroGly I ( CH2 ) 3 -OCH2CH3 1 
CioH 

Boc- (D)Phe-Pro- 
boroGly [ (CMa) %-Cisn - c-, qh 

Boc- (D) Phe -Pro 
boroom ( COCRj ) - r 1 

Ac- (D) Phe-Pro-llH-CHtt3a2 (4 
amino - cYclohexvl )] h02- Ci Qwi g 
Boc- (D) Phe-Pro-NH-CH[CH2 U 
amino -cyclohexyl) ] BOg-Ci n H 

Boc- {D)Phe-Pro-NH-CHl4 
amino - cyclohexyl] BO2 -Ci nH 
Boc- (D)Phe-Pro-NH-CH[CH2(4- 
hydoxy- cyclohexyl) J BO2 
CioH 

Boc- {D)Phe-Pro-NH-CHfCH2 {4 
guanidino - cyclohexyl ) 1 BO2 - 
CioH 



|nH3/C1 I 647T3I 647* 
I (M+H) 

jNH3 /CI I 760.4 | 760 
1(M+H) 

|nH3/C1 I 657.4 | 657 
{M+KH4) 



I3/CI 
(M+1 

[3/CI 
lM+1 

t3/Cl 
(M»H) 
INH3/CI 
(M*Hj 
IMH3/CI 
(M*H) 

t3/Cl 
(M+H) 



638.4 

670.4 

607.4 

665.5 

651.5 

666.5 



638 
670 
607 
665.4 
651.2 
666.4 



t3/Cl I "^07. 5 I 707.4 
(M+H) 
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129 ^ 

( 


Boc- (D) Phe-Pro- IR) Phe (JnCN) - 
DMe _^ . 


tJHs/Cl 
(M+H) 


549.3 


549.3 


JL30 


BOC- (D) Phe-Pro- (S) Phe (aiCN) - 
DMe i- 


HHs/Cl 
(M+H) 


549.3 


.549 . 3 


131 


BOC- Pro- (S) Phe(jncai) -OMe 


HH3/CI 
(M+NH4) 


419 


419 


132 


Boc - Pro - Phe (mCai) - OH 


NH3/CI 
(M+H) 


388.2 


388.1 


133 


Boc-Pro-Phe(JiOl) -N(Me) -OMe 


NH3/CI 
(M+NH4) 


448.3 


448 


134 


BOC -Pro- Phe (aCM) -C(0Et)»CH2 


NH3/CI 
(M+NH4) 


459 


459 


135 


H- (D) Phe-Pro-" 

boroPhe (aiCOOMe) - Ci pHi g «HC1 


NH3/CI 
(M+H) 


602.3 


602.3 


136 


Hydr oc Innamoyl - 
Pr oboroOly f ( CH2 ) 4 - MH " 
Acetyl! CioH^fi 


NH3/CI 
(M+H) 


552.4 


552.4 


137 


AC- (D) -Phe-Pro- 
boroGlyt(CHpj)-»-0CH3l -CioHie 


NH3/CI 
(M+H) 


568. 61 


568.53 


138 


BOC - (D) - Phe- Pro - 
boroGlyt(CH7) vOCH-*] -CioHie 


NH3/CI 
(M+NH4) 


643.4 


643 


139 


H- (D) -Phe-Pro- 
boroGly[(CH;^)-*-OCH3l -C10H16 


NH3/CI 
(M+H) 


526.3 


526.34 


140 


HO2CCH2 - (D) - Phe - Pro- 
boroGly[(CHp!)'^-OCH^l -CioHig 


NH3/CI 
(M+H) 


584.4 


584.4 


141 


N,N- dimethyl - (D) -Phe-Pro- 
boroGly [ (CH-a ) -K-OCa^l -CipHie 


IIH3/CI 
(M+H) 


554.4 


554 


142 


N-methyl- (D) -Plie-Pro- 
bor6Giy( (CHp) -n-OCHil -C10H16 


NH3/CI 
(M+H) 


540.4 


540.36 


143 


boroGly[(c«;»>rQ™'^^'^^°^^^ 


IIH3/CI 
(M+H) 


568.4 


568.4 


144 


Ac-61y-.(D) -Phe-Pro- 
boroGly[(CH^)^-0CH3l -C10H16 


NH3/CI 
(M+H) 


624.4 


624 
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1451 " 1 

1 H-Pro- (D) -Phe-Pro- 


NH3/CI 


623.3 


623 


1 boroGly[(CH2)3-OCH3] -CioHig 


(M+H) 







Additional examples of compounds included within 
5 the scope of the current -^invention are found in Table 2. 

Table 2 

r2 yl 

Wn ^CH ^ya 



10 



15 



20 



Sx 
« 



146 AC- (D)Kie-Pxo 

147 AC- (D)»ie-Fro 

148 Ac-(D)Phe-Pzo 



r2 




-C10H16 H 
estttr 

-C10H16 H 
aster 

-C10H16 a 
•8t«r 

Examples 98.-99;ioo..if>i renreaent- seq id wno . av^ 
ID N0t2; SEP ID NQi3 A ND SEQ ID NO;4 resnao^^^^y 

Utility 

N-Acyl and N-peptide boronic acids and amino acids 
which are described in the present invention represent a 
novel class of potent inhibitors of trypsin- like 
enzymes. Trypsin-like enzymes are a group of proteases 
which hydrolyzed peptide bonds at basic residues 
liberating either a C-terminal arginyl or lysyl residue. 
Among these are enzymes of the blood coagulation and 
fibrinolytic system required, for hemostasis. They are 
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Factors II, X, VII, IX. XII, kallikrein, tissue 
plasminogen activators, urokinase -like plasminogen 
activator, and plasmin. Enzymes of the complement 
system, acrosin (required for fertilization) . pancreatic 
5 trypsin are also in this group. Elevated levels of 
proteolysis by these proteases can result in disease 
states. For example, consumptive coagulopathy, a 
condition marked by a decrease in the blood levels of 
enzymes of both the coagulation system, the fibrinolytic 
10 system and accompanying protease inhibitors is often 
fatal intervention by a synthetic inhibitor would 
clearly be valuable. More specifically, proteolysis by 
thrombin is required for blood clotting. Inhibition of 
thrombin results in an effective inhibitor of blood 
15 clotting. The importance of an effective inhibitor of 
thrombin is underscored by the observation that 
conventional anticoagulants such as heparin (and its 
complex with the protein inhibitor, antithrombin III) 
are ineffective in blocking arterial thronibosis 
20 associated with myocardial infractions and other 

clotting disorders. However, a low molecular weight 
thrombin inhibitor, containing a different 
functionality, was effective in blocking arterial 
thrombosis [Hanson and Barker (1988) Proc. i^atl. Acad. 
25 Sci, U.S.A. 85. 3184-31881 . Therefore, we have chosen 
to demonstrate utility of con«)o«nds in the inhibition of 
thrombin, both as in buffered solutions and in plasma, 
specifically, the compounds have utility as drugs for 
the treatment of diseases arising from elevated thrombin 
30 activity such as nyocardial infarction, and as reagents 
used as anticoagulants in the processing of blood to 
plasma for diagnostic and other commercial purposes. 

conrpounds of the present invention are expected to 
be effective in the control of aberrant proteolysis and 
35 a number of accompanying disease states such as 

inflammation, pancretitis. and heritary angioedema. 
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10 



IS 



20 



25 



30 



35 



. The effectiveness pf compounds of the present 
invention as Inhibitors of blood coagulation proteases 
was determined using purified hun«n proteases and 
synthetic substrates following procedures similar to 
» those described in Kettner et al. (1990). 

Por these assays, the rate of enzymatic (thrombin 
Factor xa, and Factor Vila) hydrolysis of chromogenic 
substrates (S2238 (H-i^Phe-Pip-Arg-pNA) . S2222, L 
S2288, respectively; Kabi Phannacia. Franklin, OH) was 
measured both in the absence and presence of compoLs 
Of the present invention. Hydrolysis of the substrate 
resulted in the release of p^, which was monitored 
spectrophotometrlcally by measuring the increase in • 
absorbance at 405 nM. a decrease in the rate of 
absorbance change at 405 nm in the presence of inhibitor 
is indicative of enzyme inhibition. The results of this 
assay are expressed as inhibitory constant, Ki 

mirombln and Xa detertoinations were made in 0 10 M 
sodium Phosphate buffer, pH 7.5, containing 0.20 m NaCl 
and 0.5 % PBQ 8000. vxxa determinations were ^de T' 

CaCl2, and 0.1% bovine serum albumin. The Michaelis 
constant, j^, for substrate hydrolysis was determined at 
25 C using the method of Lineweaver and Burk 

values of Ki were determined by allowing 0.2 - o.S W 
^uman thrombin or human factor xa (Enzyme Research ^ 
Laboratorxes, Sputh Bead, in) , or 50 nM human factor 
Vila (BiosPaclfic, Emeryville. CA) react with the 
substrate (0.20 mM - 1 mM) in the presence of inhil^itor 
Reactions were allowed to go for 30 miputes and the^ 
velocities (rate of absorbance change vs time) were 

measured in the time frame Of 25-30 minutes. The 
followxng relationship was used to calculate Ki values 
vo-va J • 

^8 Ki U + s/Fja) 
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where : 

Vo is the velocity of the control in the absence of 
inhibitor; 

5 vs is the velocity in the presence of inhibitor; 

I is the concentration of inhibitor; 
Ki is the dissociation constant of the enzyme: 

inhibitor complex; 
S is the concentration of substrate; 
jLO Km is the Michaelis constant. 

using the methodology described above, representative 
coinpounds of this invention were evaluated and found to 
exhibit a Ki of less 500 HM thereby confirming the 
15 utility of compounds of the invention as effective 

inhibitors of human blood coagulation proteases. The 
results of these assays are summarized in Table 3, where 
indicates a Ki < 500 nM, .indicates a Ki < 50,000 
DM; + indicates a Ki 500,000 < nM; - indicates inactive; 
20 and NT indicates Not Tested. 

Table 3. Ki values for inhibition of Serine 
Proteases by compounds of the present invention. 



25 



EX 


NO. Th 
BX # 


roxnbin Factor 
Tbroabin 


Xa Factor 
Vila 

Factor ZA 
gj (nM) 


IC50 
Throxnbin time 

Factor VZXA 
gj fnM) 








NT 


NT 








""^ NT 


NT 




3 




NT 


NT 




—J 




♦4+ 


+++ 




6 


+ + + 


NT 


NT 




" 7 


+ + ♦ 


++♦ 


++ + 
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10 



126 
127 
128 
"129" 
130 
135 

TiT 



137 
138 
139 
140 

TTT 

142 
143 
144 



145 
146 



+♦+ 
*** 
*** 



♦+ 
++♦ 
+♦+ 

■»•++ 



+++ 



MT 
NT 
NT 
NT 
NT 
NT 
♦+ 



NT 
NT 
NT 
NT 
+♦ 
NT 
NT 
NT 



NT 
NT 



NT 
NT 
NT 
NT 
NT 
NT 
+♦ 



NT 
NT 
NT 
+♦ 

NT 
NT 
NT 



NT 
NT 



15 



Representative of data for compotinds of the present 
invention, Exan5,les 3. 7, 9, H, and 12 increased 
thrombin clotting times 2-fold at 0.25, <0.075. 0.10. 
0.60, and 0.85 |iM, respectively. 

The effectiveness of coiopounds of the present 
invention as anticoagulants in vivo was demonstrated by 
the prolongation of the activated partial thromboplastin 
time of samples of blood taken from conscious dogs or 
anesthetized rats after either- oral or intravenous 
administration at.doses of the compounds from 0.5 to 10 
ag/kg Arterial or venous blood was withdrawn by 
syringe and mixed with l/lO volume 3.2% sodium citrate. 
Plasma was obtained after centrifugation and a standard 
clinical activated partial thromboplastin time (APTT 
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reagent, signa Oiemlcal Co.. St. Louis mo i ^ . . 
at 37»r i„ = «>uis. Mo.) determined 

III] \ fibrometer. Results from blood san^ies 
Obtained at various tines, after dosing showed 7 
effective anticoagulant response which was at least 
5 ecruivalent to doubling of activated partial 

prtrtTlT " °-tained 

prior to dosing, m this model. Examples 4 57 

Examples 4, 56, 57, 60, and 66 effective f«"n 7 

S4 resulted i„ at least a ,.£oW eleva^Tln 
^t«oagulant activity in an identical «,a.i except 
ac^vit. was ^asure. increases in t.«.^in cl^tin, • 
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RFQUENCEUSTINQ 

(1) GENERAL INFORMATION: 

(i) APPUCANT: Sheng-Uan O. Lee 

g John Matthew Fevig 

Charles Adrian Kettner 
David L. Carini 

(ii) TITLE OF INVENTION: Amidino and Guanidino 
Substituted Boronic Acid Inhibitors of Trypsin-Uke Enzymes 

(iii) NUMBER OF SEQUENCES: 4 

fiv) CORRESPONDENCE ADDRESS: 

(A) ADDRESSEE: The Du Pont Merck Phanmaceutical 
Company 

(B) STREET: 1007 Market Street. Legal Department 

(C) CITY: Wilmington 
P) STATE: CE 

(E) COUNTRY: US. 

(F) ZIP: 19898 

(V) COMPUTERREADABlfFORM: 

(A) MEDIUM TYPE: 3.50 inch disk 

(B) COMPUTER: Apple Macintosh 

(C) OPERATING SYSTEM: Apple Macintosh 

(D) SOFTWARE: Microsoft Word 

(vi) CURRENT APPUCATION DATA: 

(A) APPUCATION NUMBER: 08/052.835 

(B) RUNG DATE:^ 

(C) CLASSIRCATION: unknown 

(vii) PRIOR APPUCATION DATA: None 
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(vni) ATTORNEY/AGENT INFORMATION: 

(A) NAME: Relnert. Norbert, F. 

(B) REGISTRATION NUMBER: 18 926 
^ (C) REFERENCBDOCKETNUMBEfI: DM-eSBT-A 

(ix) TELECOMMUNICATION INFORMATKDN: 

(A) TELEPHONE 302-892-8867 

(B) TELEFAX: 302-892-8536 

10 (2) INFORMATION FOR SEQ ID Nai: 

(•) SEQUENCE CHARACTERISTICS- 

(A) LENGTH 12 

(B) TYPE amino acids S 

(C) TOPOLOGY: linear 
(il) M01H5ULARTYPE peptide 
(vi) ORIGINALSOURCE synthetic 
(Ix) FEATURE 

(D) OTHER INFORMATION: Example Number 98 
20 36 and within Table 1 

(xi) SEQUENCEDESCRIPnON: SEQ ID Nai: 

X.. xa. ^ ..u Xaa W W Xaa ^ x.u Xaa ^ 

5 

25 10 

(2) INFORMATION FOR SEQ ID NOa 

(•) SEQUENCE CHARACTERISTICS- 

(A) LENGTH: 12 

(B) TYPE amino acids 

(C) TOPOLOGY: linear 
(ii) MOLECUIARTYPE peptide 
(vi) ORIGINALSOURCE synthetic 
(ix) FEATURE 

(D) OTHER INFORMATION: Bcample Number 99 
at page 36 and within Table 1 
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(xi) SEQUENCE DESCRIFnON: SEQIDNO:2: 

I^u xaa xsn l.eu Xaa Xan X^u Xaa &an X.au Xaa Kmn 
1 5 10 

5 

(3) INFORMATION FOR SEQ ID N0:3: 

(I) SEQUENCE CHARACTERISTICS: 

(A) LENGTH 12 

(B) TVPE: amino acids 

(C) TOPOLOGY: linear 

(ii) MOLECULAR TYPE: peptide 
(vi) ORIGINAL SOURCE: synthetic 

(Ix) FEATURE: 

(D) OTHER INFORMATION: Example Number 100 

at page 36 and within Table 1 
(xi) SEQUENCE DESCRIPTION: SEQ ID N03: 

xaa Ser Xan I.eu Bar Xaa I.eu Ser Asn Lau Bar xsn 

20 1 * 

(3) INFORMATION FOR SEQ ID Na4: 

(i) SEQUENCE CHARACTERISnCS: 
(A) l£NQTH: 12 
25 (B) TYPE: amino acids 

(0) TOPOLOGY: linear 
(Ii) MOLECUIARTYPE: peptide 
(vi) ORIGINAL SOURCE synthetic 



30 



(ix) FEATURE 



FfcAiUMt: 

(b) OTHER INFORMATIpN: Example Number 101 
at page 38 and within Table 1 



(xi) SEQUENCE DESCRIPTION: SEQIDNO:4: 
Lau ser Xsn Leu Bar Xan Lau Bar Xan Leu Bar 

35 1 
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tn^at is Claimed is: 

1. A compound of formula (i) 



R2 
I 



I 

wherein 
E is 

a) -Byiy2, 

b) -c(=0)r14; 
C) -C(=O)0R«, 

d) -C(«0)NR«Rl6, 

e) -C(=0)R*, or 

f) -C{=0)CX50R*; 

IS 

and y2 are 

a) -OH, 

b) -P, 

c) -nr^rS, 

20 d) Ci-Cs alkoxy, or 

when taken together and y2 form: 

e) a cyclic boron ester where said chain or ring 

contains from 2, to 20 carbon atoms and 

optionally, 1-3 heteroatons which can ^ n, s 
25 or o, 

f ) a cyclic boron amide where said chain or ring 

contains from 2 to 20 carbon atoms and 
optionally, 1-3 heteroatoms which can be N s 
or O, • 

30 g) a eyelid boron amide-ester where said chain or 

ring contains from 2 to 20 carbon atoms and, 
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optionally, 1-3 heteroatbms which can be H, S. 
or 0; 

y3 and Y* are 
5 a) -OH, 

b) -H, or 

c) -F; 



15 



10 a) Cl-Cl2-alkyl is optionally substituted with -CN, 

.Or2 -C(NH)NHr6. -nHC(NH)NHR6, .sC(NH)NHR6, 
■ .NHc'(NH)NHOH. -NHC (NH) NHC (O) , -NHS(0)rR*. 

.NHC(0)NHR4. -nHC(0)R^ -NHC(0)CH(0H)R^ -nhc(=ncn)- 
Sr6 -NHC(=NC1T)NHr6, .QNHRS, -NHC(=NR6)H, 
.0NHC(=NCN)NHR6, -oNHC(=NH)NHR6, .onhc(»nr6)h,^ 
.ONHC(=NH)NHOH, -C(NH)imC(0)R6, .SC(NH)NHC(0)r6, 
-NHC(=NCN)NHC(0)r6, -oNHC(0)R6, .nhc(»nc(0)r6)h, 

-onhc{=ncn)nhc(o)r6, .onhc(-hh>nhc(o)r6, 

-ONHC(=NC(0)r6)H. -C(HH)NHC(0)0R6, 
.nhc(nh)nhc(o)or6, -sC(NH)NHC(0)0R6, 

.NHC(=NCN)NHC(0)0R6, .oNHC(0)OR6, -KHC(=NC(0)0R6)H, 
.0NHC(=NCN)HHC(0)0R6. -0NHC(-NH)NHC(0)0R6, 
-NHC(0)0R4, .«hC(NH)HHC(0)0R6, or .0HHC(-NC(0)0R6)H; 

I -j(CH2)pX 



20 



25 



c) 

J^.(CH2)q 




or 
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d) 




a) halogen (f, ci, Br, i) 

b) -CN, 
5 c) -NO2, 

d) -CF3, 

e) -MH2 

f) -NHC(NH)H, 

g) -MHC(MH)NHOH, 

h) -NHC(MH)MHCN, 
i> -NHC(1IH)KHr6^ 

j) -NHC(1JH)NH00R6, 
Jc) -C(NH)NHr6, 
1) -C(NH)NHC0r6# 
•15 m) -C(0)NHr2, 

n) -C02R2, 
O) -0r2, 
P) -OCF3, 
Q) -SC(NH)1IHR6, 
20 r) -MHS(0)rR*, 

s) -MHC(0)NHR4, 
t) -MHC(0)R*, ;\ 
U) -HHC(0)CH(0H)r4, 
V) -MHC{»NCN).SR6, 
25 w) -NHC{=Nai)HHR6, 

X) -NHe(=:NR6)H, 
y) -0NHR6, 

2) -QNHC(-NCa7)llHR6, 
aa) -01IHC(=NH)mhr6, 
30 ab) -ONHC{=!JH)H, 
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ac) -ONHC(«=NR*)H. or 

ad) -ONHC(=NH)NHOH; 
Y is »0, =NOH. or -N-NHC(-»0)H; 

r2 is 

a) H, 

b) optionally substituted Cl-Cl2-al)cyl, 

c) optionally substituted cycloalkyl. 

d) optionally substituted aryl, where aryl is phenyl 
or napthyl, or 

e) optionally substituted -Cl-C4-alkylaryl, where 
aryl is defined above; 

where the groups Ci-Ci2-alkyl. cycloalkyl, and -Cl- 
C4-alkylaryl optionally contain in-chain, heteroatoms 
(O, N. S) and the groups Cl-Cl2-alkyl, cycloalkyl, 
ar^l, and -Cl-C4-alkylaryl are optionally 
substituted with one or two substituents selected 
from the group consisting of: 

halo (F, CI, Br. I). Cl-C4-alkyl, Cl-C4-alkoxy, 
-N02, -CF3, -S(0)r-Cl-C4-alkyl, -OH, -NH2. 
-HH{Cl-C4-alkyl), -N(Cl-C4-alkyl)2, or -CO2R*; 
r3 is H, alkyl, aryl, alkylaryl. -S(0)r-R'. -C{=0)R'', 

-C(=0)OR', -P(O)20R'' or any other NH2 blocking group 
comprised of 1-20 carbon atoms; 
25 R* and r5 are independently: 

a) hydrogen, 

b) C1-C4 alkyl, 

c) -(C1-C4 alkyl) -aryl, or 

d) C5-C7 cycloalkyl; 

30 R^ is 

a) H, 

b) ci-C4-alkyl, 

c) aryl, wherein aryl is phenyl or napthyl 
optionally substituted with one or two substituents 

35 selected from the group consisting of: 



20 
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halo (P, ci, Br, 1), Cl-C4-alkyi, Cl-C7-alkoxy 
-N02, .CF3, -S(0)r-Cl-C4-alkyl, -OH, -NHj, 
-KH{Cl-C4-alkyl). -N(Cl-C4-alJcyl)2, and -CO^R*. 
or 

d) 
is 

a) H, 

b) Cl-C4-alkyl, 

c) aryl, wherein aryl is phenyl or napthyl 
optionally substituted with one or two substituents 
selected from the group consisting of • 

halo. Cl-C4-alkyi, C1-C7 -alkoxy/ -NO2, -CP3, 
-S(0)r-Cl-C4-alkyl. -OH, -NH2, -NH(C1-C4- #^ 
alkyl), -N(Cl-C4-alkyl)2, and -COsR*- or 
" R» Z -^ere aryl is as defined above; 

a) hydrogen 

b) halogen, 

c) C1-C4 alJqrl, 
20 d) C1-C4 alkoxy, 

e) metlQrienedioa^, 

f) -NO2, 

g) -CF3, 

h) -SH, 

25 i> -S{0)r- (Ci-C4 allqrl), 

k) -OH, 
1) -NH2, 

m) -NH(Ci-C4 alkyl) , 
30 n) -N(Ci-C4 alkyl)2. 

O) -1JHC(=0)r4, or ' 
P) - (CH2)p-C02R4; 

Ri* Is: 
35 a) -CP3, 

b) -CHP2, 
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C) -CH2F, 

d) -C2J2C1, 

e) -C{=0)OR*, 

f) -C(«=0)NR"R"' 

g) -C(«-0)R*, 

h) -C(=O)C00R*; 

i) .C(»0)C{=0)NR^5r16, 

j) -C(««0)C(=0)R* , 

k) -CY^Y^COOR*, 

1) -Cy3y*C(=0)NR^5R^*. 

xn) -cy3y*C('=0)R*, 

n) ^CH2Br, 

o) 




15 P) 



q) heterocyde; 

r15 and R^S are independently: 
20 a) hydrogen, 

b) C1-C4 alkyl» 

c) - (C1-C4 allcyl) -aryl. 

d) C5-C7 cycloalkyl, or 

e) phenyl, optionally substituted by R"; 

r15 and R^e can be taken together to form a rings 



a) 



W is 
30 a) -O- 



9 
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b) -S(o)r-, 

c) -(CH2)n-, 

e) a bond, or 
5 f) -WC(«0)r4.; 

A is an amino acid residue or a r»^«*.j^ 

20 . esiaue or a peptide comprised of 2- 

20 amino acid residues; 
is 0 or 1; 
P is 0 to 3; 
q is 0 to 4; 
r is 0 to 2; 

and pharmaceutically acceptable salts th^..^ * 
proviso that wben .1 is aUpbati:: :^^^;,^' • 
-NHC(nh)nhr6 cannot be H. substituent on^ 

2. A compound of Claim 1 wherein- 
is 

'c,»;^s'"^' " sub^titut.. With -o,. 

C(I«)MHR6, -KHC(MH)H, -»HC(MH)MHRS, -MHC(mi»»o! ' 
NHC(-NCN).SR6, -NHC(-MCaf)MHR6, -ONHPfi ^tt,^/ c 




; or 
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d) 

/ 




Y 



X is 

a) halogen (F, CI, Br, I) 

5 b) -CN, 

c) -NO2, 

d) -CF3, 

e) -NH2 

f) -MHC(KH)H, 

10 g) -NHC(NH)NHOH, 

h> -MHC(MH)HHai>.» 

i) -MHC(KH)HHR^» 

j) -C{NH)MHR^» 

Jc) -C(0)NHR2, 

15 1) -C02R2, 

m> -0R2, 

n) -OCF3, 

O) -SC(NH)NHR6, 

p) -NHS{0)rR*' 

20 q) -NHC(0)NHR*, 

r) -NHC(0)R*, 

S) -NHC(0)CH(OH)R*, 

t) -nhc(=ncn)nhr6, 
u) -nhc(=nr6)h, 

25 v) -0NHR6, 

w) -ONHC(=NCN)MHRfi, 

X) - ONHC (=NH) »HR6 , 

y) -0NHC(=1JH)H, 

Z) -0MHC(=NR6)H, or 
30 aa) -ONHC(=MH)HHOH; 
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10 h) 



15 



20 



R^* is: 

a) -CFa. 

b) - CHP2 / 
C) -CH2F, 

d) -C(=0)OR<, 

e) -C(=0)MR«Ri«, 
£) -C(-0)R<; 

" -CO 

— (O • 

i) heterocycle; 
and all other substituents are as defined in claim 1. 

3. A coinpotind of Claim 2 wherein: 
y3 and Y* are -OH; 
r1 is 

a) Cl-Cl2-alkyl is optionally substituted with -or2 
-C(NH)NHR6, .NHC(NH)H, -NHC(NH)NHr6. -MHS(0)rR* ' 
-NHC(0,NHr4, -.hC(0)r4, -KHC(0, CH(OH) r4, -»HC(=HCN,- . 
SR6, -NHC(=NCH)NHr6, .onhrS, or -0HHC(.NH)nhr6; • 

-(CH2)q 




25 c) 
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.(CHa), 




Y 

I 



X is 

5 a) halogen (Br) 

b) -CN, 

c) -NH2 

d) -NHC{MH)H, 

e) -1IHC(1IH)NHR^, 
10 f) -C{NH)HHR«' 

g) -C(0)NHR2, 

h) -C02R2» 

i) -0R2, or 

j) -HHC(«NR^)H; 

15 R^* is: 

a) -CF3, 

b) -CHP2» 
C) -C»2P. 

d) -C(»=0)OR*, 
20 e) -C(-0)NR"R"» 

f) 




3^ 
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, or . 
h) heterocycle; 

^ 11 other s,a„titu»« are as def ineo la clal. 

4. A compound of claim 3 wherein: 
B is -BY^Y^} 
and y2 are 

a) -OT, 

when taken together yl and y2 form- 

b) a cyclic boron ester where said'chain or ring 

contains from 2 to 20 carbon atoms and, 
optionally, 1-3 heteroatoms which can be N s 
or 0; ' 
15 y3 and are -OH; 
is 

-C(S;^6''''' substituted With 

-01IHC(=NH)1JHR6; • "WHRS, or 



10 



20 b) 

-(CHa), 




; or 

d) 
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X is 

a) -cai, 

C) -NH2 

d) -NHC(NH)H, 

e) -nhc(hh)nhr6, 

f) -C(NH)NHR^' 

g) -C(0)NHr2, ' 

h) -C02R2, 

i) -0R2, or 

j) -NHC(=NR6)H; 
y is =0; 

and all other substituents are as defined in Claim 3. 
5. A con5>ound of Claim 4 where n Is 0. 



6. A compound of Claim 4 where [A] is comprised 
independently of amino acid residues in the D or L 
configuration selected from the groysp consisting of Ala, 

20 Arg, Asn, Asp, Aze, Cys, Oln, Glu, Gly. His, HomoLys, 
He, Leu, Lys, Met, Om, Phe* Phe(4-fluoro) , Pro, Ser, 
Thr, Trp, Tyr, and Val. 

7 . A compound of Claim 6 where [A] is conflprised of 
25 either Pro or (D)Phe-Pro. 

8. A compound of Claim 4 selected from the group 
consisting of : 

• Ac- (D) Phe-Pro-NH-CH I (CH2) 4CN] BO2-C10H16. 
30 • Ac-(D)Phe-Pro-lJHCH[(CH2)4C(MH)HH2lB02-CioHi6, 
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AC- (D) Phe- Pro -NHCH r (CH2 ) 3 -NHC (NH) H] B (OH) 2 , 
BOC- (D) Phe- Pro -NHCH I (CH2) 3 - NHC (NH) H] B (OH) 2> . 

AC- (D)Phe-Pro-boroPherjD-C(NH)NH2] -CioHig, 
Ac- (D) Phe- Pro-boroPhe (jn-CH2NH2 ) - CioHis , 
Ac- (D) Phe-Pro-boroPhe(in-Br) -CioHig, 

Ac- (D)Phe-Pro-boroPhe(p-CN) -CioHis, 

BOC - (D) Phe - Pro -boroPhe (m- a») - Ci oHi g , 

Ac- (D) Phe-Pro-boroArg(CN) -CioHie, 

N,N- (CH3) 2- (D)Phe-Pro-boroPhe(m-CN) -0H«HC1, 

Ac- (D) Phe-Pro-boroPhe (n-Qn) -oh»hci, 

Ms- (D)Phe-Pro-boroPhe(ni-CN) -OH-HCl, 

BOC- (D)Thia20lylalanine-Pro-boroPhe(in-caf) -CioHig, 

BOC- (D) 3-Pyridylalanine-Pro-boroPhe(m-cai) -CioHig! 

Ms- (D) 3 -Pyridylalanine-Pro-boroPhe (rn-cai) -CioHig. ' 

Boc - (D) 2 - Pyridylalanine - Pro -boroPhe (m- CM) - CioHig , 

BOC- (D)2-Thienylalanine-Pro-boroPhe(m-CN) -CioHie,' 

Ms- {D)2-Thienylalanine-Pro-boroPhe(m-CN) -C10H16, ' 
Boc -(D) Phe - Aze - boroPhe (m - CN) Ci qHi g , 

Hydrocii3namoyl-Pro-borolrg(CH3) -OH»HBr, 

Ac - (D ) Phe - Pro - boroArg ( CH3 ) - OH • HCl , 

PhCH2S02- (D) Phe-Pro-boroOm(CH=NH) -OH-HCl, 

CH3CH2CH2SO2- (D)Phe-Pro-boroOm(CH=NH) -OH-HCl, 

CH3CH2CH2SO2 - (D) Phe- Pro -boroArg (CH3 ) -OH-HCl, 

Ac- (D)Phe-Sar-boroC»m(CH=MH) -OH-hcI, 

Boc- (D)Phe-Sar-boroPhe(inCM) -C10H16, 

Boc- (D)Phe-A2e-boroOtn(CH*NH) -OH-HCl, 

4- (Phenyl) benzoyl -borbOm(CH=NH) -CioHig'HCl, 

AC- (D)Phe-Pro-boroOm(CH-NH) ) -CioHis-HCl, 

Boc-Pro-boroOm (CH=HH) - C10H16 -HCl , 

Boc-(D)Phe-Pro-boroOrn(CH=NH)]-CioHi6.0.5 HCl-0.5 
BSA, 

H-(D)Phe-Pro-boroOm{CH»NH)3.CioHi6-o.5 HCl-o.s 
BSA, 

H- (D) Phe- Pro-boroOm (CH=MH) ] -OH-0 . 65 HCl- 0 . 35 BSA, 

H-boroPhe(m(3I) -CioHi6»HCl, 

AC- (D)Phe-Pro-boroPh6'- (m-CK) -CioHig, 
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H- (D) Phe-Pro-boroPhe- (m-CN) -CioHi6»HCl, 

H- (D) Phe-Pro-boroPhe- (m-CN) -0H»HC1. 

N,N- (CH3)2- (D)Phe-Pro-boroPhe- (m-CN) -0H*HC1 (ISOMER 

I) , 

AC- (D) Phe-Pro-boroPhe- (P-CH2NH2) -CioHie* BSA. . 
AC- (D) Phe-Pro-boroPbe- (p-C(NH)NH2) -CioHie- BSA, 
N-CH3- (D)Phe-Pro-boroPhe- (m-CN) -CioHie-HCl, 
H-Pro-boroPhe- (m-CN) -CioHis'HCl, 
H- (D)Thiazolylalanine-Pro-boroPhe- (m-CN) - 

CioHl6»HCl, 

H- (D) 3-pyridylalanine-Pro-boroPhe- (m-CN) -C10H16 

•HCl, 

MS- (D)Thiazolylalanine-Pro-boroPhe- (m-CN) -CioHie* 
N-B0C-N-CH3- (p)Phe-Pro-boroPhe- (m-CN) -C10H16. 
Ac-Pro-boroPhe- (m-CN) -CioHi6» 

H- (D) 2-Pyridylalanine-Pro-boroPhe- (m-CN) -C10H16 
•HCl, 

H- (D) 2-TJiienylalanine-Pro-boroPbe- (m-CN) - 
CioHiS'HCl, 

MS- (D)2-Pyridylalanine-Pro-boroPhe- (m-CN) -CioHiSr 
(2 -pyrimidylthio) acetyl -Pro-boroPhe- (m-CN) -C10H16. 
trans-3- (3-pyridyl) acryl-Pro-boroPhe- (m-CN) -C10H16. 
(4-Pyridylthio)acetyl-Pro-boroPhe- (m-CN) -C10H16. 
Succinyl- (D)Phe-Pro-boroPhe- (m-CN) -OH, 
3-pyridylpropionyl-Pro-boroPhe- (m-CN) -CioHie* 
Boc- (D)Phe-A2e-boroPhe- (m-CN) -C10H16. 
H- (D) Phe-Aze-boroPhe- (m-CN) -CioHlfi'HCl, 
Hydrocinnamoyl-Pro-bbroOrn (CH=NH) 1 OH^BSA. 
Hydrociimam6yl-Pro-borolrg(CH2CH-CH2)-OH- HBr, 
Hydrocinnamoyl-ProboroGly t (CH2) 4-NH-Acetyl] C10H16. 

Cbz- (D)Phe-Pro-boroIrg(CH3) -C10H16 • HBr, 
AC- (D)Plie-Pro-borolrg(CH3)-OH • HBr, 
Hydrocinnamoyl-Pro-borolrg(CH2CH3)-OH • HBr. 

AC- (D)Phe-Pro-bQroA3rg(CH3) -OH • HCl, 
Hydrociniiamoyl-Pro-boroArg(CH3)-0H • HCl. 
Ms- (D) Plie-PrG-boroArg(CH3) -0H» HCl, 
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Ms- (D) Phe>Pro-boroOm(CHsNH) -OH • HCl, 
PhS02 - (D) Phe - Pro- boroArg ( CH3 ) - OH • HCl , 

PhS02- (D)Phe-Pro-boroOrn(CH-NH) -OH • HCl, 

Ms- (D)Phe(4-fluoro)-Pro-boroOm(CH»NH)-OH •HCl, 
PhCH2S02- (D)Phe-Pro-boroArg(CH3)-0H - HCl, 
PhCH2S02- (D)Phe-Pro-boroOrn(CH»lJH) -OH • HCl 
CH3CH2CH2SO2- (D)Phe-Pro-boroOm(CH=MH) -OH .'hcl, 
CH3CH2CH2S02-{D)Phe-Pro-boroArg(CH3)-OH • HCl, 
CH3(CH2)3S02-(D)Phe-Pro-boroArg(CH3)-OH • HCl,' 
CH3 (CH2) 3SO2 - (D) Phe- Pro -boroOm (CH-MH) -oh • HCl, 
Z - (D) Phe- Pro-boroOm {CH=NH> -OH«HCl , 

Boc- (D) Phe-Pro-boroGly [ (CH2) 3 -ONH2] -OH-HCl, " -s, 

PhCH2S02-(D)Phe-Pro-boroGlyI(CH2)3-ONH2)- ' £ 
Cl0Hi6-HCl, ^ 

BOC- (D) Phe-Pro-boroGly £ (CH2) 3 -0NHC(»ijh)ijh2J - 
CloHiS'HCl, 

Boc- (D)Phe-Pro-boroOrn- [C{NCN)NHCH3J -CioHig, 

HOOCCH2- (D)Phe-Pro-boroOni[C{NCN)NHCH3l -CioHig-HCl, 

Boc- (D)Phe-Pro-boroOmlC(lICN)SCH3] -CioHig 

Boc- (D)Phe.-Pro-boroOm(COMH2) -CioHi6, ' , 
H- (D) Phe-Pro-boroOm (COIIH2) - CioHig 'HCl, 

PhCH2S02- (D) Phe-Pro-boroOm(CONH2) -CioHig, 
HOOCCH2- (D) Phe-Pro-boroOra(CONH2) -CioHig-HCl, 
Boc- (D) Phe-Pro-boro0m{C0CH20H) -C10H15, 
BOC- (D)Phe-Pro-boro0m(N-Metbaae8ulfon^) -CioHig, ^ 
H- (D) Phe-Pro-boroOm(M-Methanesulfonyl) -CioHig-HCl, ^ 

4- (H- Acetyl) Aailinesuifonyl- (D) Phe-Pro-boroOm(N- 
Methanesulfonyl) -C10H16, 

Methanesulf onyl - (D) Phe - Pro-boroOm (H- 
Met hanesulf onyl ) - Ci oHi^ , 

N,N- dimethyl- (D) Phe-Pfo-boroOm- (H- 
Methanesulf onyl ) - Ci qHi g • HCl , 

Ac-Gly- (D) Plie-Pro-boroOm(N-Methanesulfonyl) - 
C10H16, 

HOOCCH2- (D) Phe-Pro-boroOm(N.Methanesul£onyl) - 
CioHie-HCl, 
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PhCH2S02- (D)Phe-Pro-boroOrn(N-Methanesulfonyl) - 
CioHi6» 

Boc- (D)Phe-Pro-boroGly I (CH2) 3-OCH2CH3] -CioHi6,# 

Boc- (D)Phe-Pro-boroGly I (CH2)3-CN] -CioHxe. 

BOC - ( D) Phe - Pro - boroOm ( COC3I3 ) - Ci oHi 6 » 

AC- (D)Phe-Pro-NH-CHlCH2 (4-amino-cyclohexyl) IBO2- 

C10H16 > 

BOC- (D)Phe-Pro-NH-CMtCH2(4-ainino-cyclohexyl)]B02- 
CioHi6» 

• Boc- (D)Phe-Pro-NH-CH [4-amino-cyclohexyl] B02-CioHl6» 
BOC- (D) Phe-Pro-NH-CH(CH2 (4-hydoxy-cyclohexyl) 1 802" 
C10H16. 

BOC- (p)Phe-ProrNH-C3JtCH2(4-guanidino- 

cyclohexyl ) ] BO2 - Ci oHi 6 , 
Boc- (D) Phe-Pro- (R) Phe(jnCN) -OMe, 
BOC- (D) Phe-Pro- (S) Phe (jnCN) -OMe, 
BOC - Pro - ( S) Phe ( jnCN) -OMe , 

• BOC - Pro - Phe (mCSN) - OH, 

Boc - Pro- Phe (inCH) -H (Me) - OMe , 

Boc-Pro-Phe(jnCH) -C(0Et)=CH2, and 

H- (D) phe-Pro-boroPhe(jnCOOMe) -CioHi6»HCl. 

9. A pharmaceutical conqpositipn comprising a 
pharmaceutically svdtable carrier and a therpeutically 
effective amount of a contpoiind of Claim l. 

10. A pharmaceutical composition con«>rising a 
pharmaceutically suitable carrier and a therpeutically 
effective amount of a coiroound of Claim 2. 

11. A pharmaceutical composition comprising a 
pharmaceutically suitable carrier and a therpeutically 
effective amount of a compound of Claim 3. 
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12. A pharmacMitical oo«posltlon conprisins a 
P^o^tidly .uitabl. carrier and a therpeutlcaUy 
affective anoune of a conround of Claim 4. 

5 13. A phatmceutlcal eo«po.ltioii coBiirlalng a 

P^c«,tlc.lly suitable carrier and a therpeutlcaUy 
effective amount of a compound of Claim 5. 

14. a pharmaceutical composition comprising a 

0 Pharmaoeutlcally suitable carrier and a therpeutically 
effective amount of a compound of claim «. 

15. A Pharmaceutical composition comprising a #>' 

"^"-""ically suitable carrier a therpeutlcally 
■ effective amount of a compound of claim 7. 

16. A pharmaceutical composition comprising a 
Pha^aceutlcally suitable carrier and a therpeuttcally 
effective amount of a compound of Claim e. 

wL^r*!;!^ °' "^""^ • P>.«iological disorder in a 
war. blooded animal catalyzed by trypsin- lite enzymes 
comprising adminttisterlng to an animal m need of^^ch 
tr.atm«,t an effective, amount of a co,^ of dall , 

IS^A «thod of treating a Physiological disorder in a ♦ 
warm blood*, animal catalyzed by trypsln-llk, enzymes 
comprising adminltistering to an «U..X m need of such 
tr^tment an effective a»unt of a compound of dail . 

iL\r^ °' ' •*y.iologlc.l disorder in a 

warm blooded animal catalyzed by trypsin-llta «aym.. 
comprising adminitistering to an animal In need of such 
treatment an effective amount of a compound of ciLH 
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2.0 A method of treating a physiological disorder in a 
warm blooded animal catalyzed by trypsin- like enzymes 
comprising adminitistering to an animal in need of such 
treatment an effective amount of a compound of Claim 4. 

* 21 A method of treating a physiological disorder in a 
warm blooded animal catalyzed by trypsin- like enzymes 
comprising adminitistering to an animal in need of such 
treatment an effective amount of a compound of Claim 5. 

" 22 A method of treating a physiological disorder in a 
warm blooded animal catalyzed by trypsin- like enzymes 
comprising adminitistering to an animal in need of such 
treatment an effective amount of a compound of Claim 6. 

23 A method of treating a physiological disorder in a 
warm blooded animal catalyzed by trypsin- like enzymes 
comprising adminitistering to an animal in need of such 
treatment an effective amount of a con«>ound of Claxm 7 . 

24 A method of treating a physiological disorder in a 
warm blooded animal catalyzed by trypsin- like enzymes 
comprising adminitistering to an animal in need of such 
treatment an effective amount of a compound of Claxm 8. 
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